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International Workshop on developments of Ge detector array 
and frontiers of gamma-ray spectroscopy 

First Circular 

Dear colleagues, 
We are pleased to inform you that "International Workshop on developments of Ge de

tector array and frontiers of gamma-ray spectroscopy" will be held from 11 (Tuesday) to 13 
(Thursday), December, 2001, in Center for Nuclear Study (CNS), University of Tokyo. It is 
co-sponsored by CNS, the RIKEN Accelerator Research Facility (RARF), and Research Center 
for Measurement in Advanced Science, Rikkyo University. 

In order to open up a frontier of the gamma-ray spectroscopy of exotic nuclei, Center for 
Nuclear Study (CNS) has made a decision to construct a segmented germanium detector array 
(for reference, http://www.cns.s.u-tokyo.ac.jp/ge-ws/pdf/project.pdf. position.pdf). Taking 
this opportunity, we would like to organize the international workshop, where we can discuss 
developments of germanium detector array and new perspectives for gamma-ray spectroscopy 
with germanium detectors. It is hoped that the workshop will offer a unique opportunity to 
bring physicists together from both high-spin and exotic-nuclei communities for close interac
tions. 

Main topics to be discussed are 
• developments of segmented germanium detector array 


- pulse-shape analysis for gamma-ray tracking 

- tracking algorithms 

- digital electronics and data acquisition 

- high counting rate capability 

- hybrid system with germanium and other detectors 


• latest frontiers of gamma-ray spectroscopy on high-spin and high-isospin nuclei 
• perspectives for nuclear physics with germanium detectors 

• other related topics 


The workshop will start in the morning of December 11 and end in the afternoon of December 
13. It will take place in a seminar room of the new CNS building located in the RIKEN 
campus. We expect about 50 participants for the workshop. There will be invited talks as 
well as oral presentations selected from submitted contributions. Those who are interested are 
recommended to visit the workshop home page; http://www.cns.s.u-tokyo.ac.jp/ge-ws/ . 

Organizers of the workshop: 
S. Shimoura (CNS, Chair), K. Asahi (TIT/RIKEN), Y. Gono (Kyushu), 
H. Iwasaki (CNS, Scientific Secretary), T. Kishida (RIKEN), M. Kurokawa (CNS), 
T. Motobayashi (Rikkyo), H. Sakurai (Tokyo) 

Correspondence: 

Susumu SHIMOURA / Hironori IWASAKI 

Center for Nuclear Study (CNS), University of Tokyo 

RIKEN campus, 2-1 Hirosawa, Wako, Saitama, 351-0198, Japan 

Email: ge-ws@cns.s.u-tokyo.ac.jp, FAX: +81-48-464-4554 
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Program 

December 11th 

8:30 	 REGISTRATION 

8:55 - 11:40 	 (Chairperson: T. Motobayashi) 

• H. Sakai (CNS/Tokyo) (15) 	 Opening address 

• LY. Lee (LBL) (50+10) 	 " Gamma ray energy tracking array: 
status of the development and physics opportunities" 

COFFEE BREAK (10:10-10:40) 	

• J. 	Gerl (GSI) (50+10) " The Advanced Gamma tracking Array AGATA " 

L U N C H (11:40-14:00) 

14:00 - 16:30 (Chairperson: 	K. Asahi) 

• 	S. Shimoura (CNS) (50+10) " CNS Ge array for in-beam I spectroscopy of 
fast moving exotic nuclei" 

- COFFEE BREAK (15:00-15:30) 

• 	C. Baktash (ORNL) (50+10) "Gamma Spectroscopy with Radioactive Ion Beams 
at the HRIBF " 
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December 	12th 

9:30-11:50 (Chairperson: Y. 	Gono) 

• T. Ishii (JAERI) (50+10) 	 " Isomer I-ray Spectroscopy of Neutron-rich Nuclei 
Produced by Deep-inelastic Collisions" 

COFFEE BREAK 	(10:30-10:50) 

• 	G. deFrance (GANIL) (50+10) "Gamma-ray spectroscopy of exotic nuclei at GANIL " 

L U N C H (11:50-13:30) 

13:30 15:00 RIKEN-CNS Tour 

15:00 16:40 (Chairperson: H. 	Sakurai) 

• E. Ideguchi (RIKEN) (30+10) 	 " Superdeformation in the doubly magic nucleus i8Ca20 " 

- COFFEE BREAK (15:40-16:00)

• M. Kurokawa (CNS) (30+10) 	 " Pulse-shape analysis of CNS segmented Ge detector" 

December 	13th 

9:30 - 12:00 (Chairperson: T. Kishida) 

• 	H. Tamura (Tohoku) (50+10) "Hyperball and a new frontier in hypernuclear physics" 

COFFEE BREAK (10:30-10:50) 

• Y. Gono (Kyushu) (50+10) " Ge-Telescope and Compton camera" 

• T. Motobayashi (Rikkyo) (10) Summary 
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Gamma ray energy tracking array: status of the development and physics 
opportunities. 

I. Y. LeeA , 

A Lawrence Berkeley National Laboratory, Berkeley, CA 94720 


Email: iylee@lbl.gov 


Gamma-ray energy tracking array consisting of highly segmented HPGe detectors is a new 
concept for the detection of gamma radiation. In this array, each interaction of a gamma 
ray is identified by its energy and position. The three-dimensional position and the energy 
of interactions are determined by using a two-dimensionally segmented Ge detector together 
with pulse-shape analysis of the signals. Using tracking algorithms based on the properties of 
photo absorption, Compton scattering and pair production, we could reconstruct the scattering 
sequences, even if many gamma rays hit the array at the same time. Such a detector will have 
new and much improved capabilities compared to current generation of gamma-ray spectrometer. 
For example, the efficiency of a 4-pi tracking array would be 0.6 for 1.3 MeV gamma rays 
(compare with a efficiency of 0.1 for Gammasphere) and 0.12 for 15 MeV gamma rays (0.005 
for Gammasphere). The peak-to-total ratio could be 0.8 at 1.3 Me V (0.55 for Gammasphere). 
More important is the excellent position resolution of about 1-2 mm which is needed for Doppler 
shift correction at large recoil velocity. 

One implementation of this concept, called GRETA (Gamma Ray Energy Tracking Array), 
is currently under development at LBNL. In this presentation I will show the progress which have 
been made in a number of key areas; the manufacture of segmented detectors and pre-amplifiers 
that can provide high quality signals needed to resolve and locate individual interaction points; 
a data processing system including fast ADCs and processing units to digitize and process the 
segment signals; signal processing methods for determining energy, time, and position based on 
digital signal processing; and the development of a tracking algorithm that uses the energy and 
position information to identify interaction points belonging to a particular gamma ray. 

Work supported by US Department of Energy, under contract DE-AC03-76SF00098. 
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Gamma Ral/Energl/ 

Tracking An-al/: 


~a 

n 

I-Yang Lee 

Lawrence Berkeley National Laboratory 

Outline 


• Gamma-ray tracking principles 

• Physics opportunities 
• Technical challenges and proof of principle 

• RID plan and schedule 
• Organization of the U.8. gamma-ray tracking efforts 

• Conclusions 
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Performance measures of a 

Gamma-ray detector 


II Energy resolution 

II Efficiency 

II Peak-to-total ratio 

• Position resolution 
II Time resolution 
II Direction information 
II Gamma-ray polarization 
• Counting rate 
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Gamma ray detector 

technology 


Energy resolution, Efficiency, Peak-to-total 

~ Compton Suppressed Ge ~ Ge Sphere ~ Gamma Ray Tracking 


N 100 N = 1000 (summing) N 100 
NQs= 0.1 NQ s= 0.6 NQ s= 0.6 
Efficiency limited Too many detectors Segmentation 

Doppler Broadening 

Position resolution 

Moving nucleus 

,,-ray detector 

V±:'\, Doppler shift....................................1;;" 


V2 
1-

2c
Ey =~ V 

1--0088 
c 

Broadening of detected gamma ray energy due to: 
• Spread in speed 
• Distribution in the direction ofvelocity 
• Detector opening angle A8n 

-+Need accurate determination of V and 8. 
-+ Position sensitive r-ray detector and particle detector 
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Gamma-ray tracking principles 

1) Highly segmented 2) Pulse shape analysis in 
Germanium detectors segments ~ 3D position 

" -... ,.-.'............ t .', 

........•......o~ - f-' ,,--"1


( 
"" .. /' '~. ~"' .'" .. ' ,. "" .. 

L_...L._J..----.J 
G 111& 2fJa ,.n_t._, 

3) Tracking ofphoton interaction 
points ~ energy, position 

, 
~ ... Ol~E\ 

I. • 

I 

" 

\ 


Compare ORBT~ with Oammasphere 

Gammaaphere GRETA 

-10cm 

Germanium 
Hevimet 
BGO 

Efficiency (1 MeV) 8% 55% 
Efficiency (15 MeV) 0.5% 12% 
Peakffotal (1 MeV) 55o/() 85% 
Position resolution 20mm Imm 
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Resolving Power ofgamma-ray detector 

Figure of Merit 

Resolving power per coincidence fold is 

MP 
r = 0.76 liE T 

Where AE is the separatio n 0 f gamma-ray peaks 
and SE is the energy resolution (F'WHM) of the 
peak. The factor 0.76 takes into account the 
Gaussian shape of the peak. and PIT is the E 
peak-to-total ratio of the detector response. 

E BE E+AE 

For f-fold coincidence the resolving power is 

1
-=r' (1] 
a 

Where Q.. is the fractional intensity of an}fold 
cascade that can be resolved. On the other 11 
hand. due to the lower efficiency for detecting 
higher fold coincidences. there is an upper limit 
of fold. which is determined by the detector 
efficiency, .: and the intensity of the cascade 
under study. II 

IIN=Ho ac' [2) E+AE 

Resolving Power ofgamma-ray detector 


Where No is the total number of event produced 
in an experiment. and N is the desired number 
of events fur the cascade with intensity Q... 

Solve (1) and [2) for f, we obtain 

and the re solving power. 

However. for the cases in which the multiplicity 
~ of the cascade is less than the fold f. than 
we have. 

1 ltdRP =-=r ,. 

a 
 fold 
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GRETA Resolving Power 

Reaction 	 <Ep ~ My Resolving X Ganunasphere 
(MeV) Power 

Stopped 	 5.0 0.0 4 6.0 X 107 760 
10gb spin 

Donna) kine. 1.0 0.04 25 1.5 x 107 700 
inverse kine. 1.0 0.07 25 1.5 x 107 2000 

Coulexltransrer 	 1.5 0.1 15 3.7 x 107 8100 
FrapnentadoD 

in beam 1.5 0.5 6 6.4 x 107 290000 
Coulex 5.0 0.5 2 7.4 x 103 590 

Gamma-rag tracking advances resolving 

powerbg three orders ofmagnitude 


s 
10 

6 
10 

"-' v 
~ 
0 
~ 4 

.->-

10b.O 
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-0 
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Tl'acking_ 
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GRETA Capabilities 

Broad physics opportunities 

• 	 Resolving power: 107 
VB. 104 

Cross sections down to ~1 nb 
• 	 Most exotic nuclei 
• 	 Heavy elements (e.g. 253,254No) 

• 	 Drip-line physics 

• 	 High level densities (e.g. chaos) 

• 	 Efficiency 
(12% VB. 0.5% at E)l= 15 MeV) 
- Shape of GDR 


- Studies of hypemuclei 


• 	 Efficiency (slow beams) 
(55% VB. go..4> at E)l =1.3 MeV) 
- Fusion evaporation reactions 

• 	 Efficiency (fast beams) 
(55% VB. 0.5% at E)l = 1.3 MeV) 

Fast...beam spectroscopy with low 
rates ...> RIA 

• 	 Angular resolution (0.2° VB. 8°) 
-	 N -rich exotic beams 

• 	 Coulomb excitation 

- Fragmentation-beam spectroscopy 

• 	 Halos 

• 	 Evolution of shell structure 

• 	 Transfer reactions 

• 	 Count rate per crystal 
(50 kHz VB. 10kHz) 
-	 More efficient use of available beam 

intensity 

• 	 Linear polarization 

• 	 Background rejection by 
direction 

Gamma-ray tracking array: 
Discovery potential in many areas of 

nuclear structure physics 
Goal: Gain a quantitative understanding of the atomic nucleus 

• What are the properties of the heaviest nuclei? 
• How deformed can a nucleus become and how fast can 

a nucleus rotate before it breaks up? 
• Does the atomic nucleus display new symmetries? 
• What are the properties of atomic nuclei with extreme 

neutron-proton ratios? 
• How does the structure of nuclei change towards the 

limits of stability when binding becomes weak? 
• 	What are the wave functions of spatially very extended 

halo nuclei? 
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Properties ofsuper-heavy nuclei. 


200 400 800 
E<v (keV) 

->10~------~'~--------~ 

!s 
>.. 

! 
~6 

c 4 
o 
i 2 
13 
~ 

E:.x 254No 

P. Reiter et al., Phys. Rev. Lett. 82 (1999) 509; 84 (2000) 3542. 

• What are the properties of super
heavy nuclei? 
• Why does a super-heavy nucleus 
not explode from Coulomb 
repulsion? 

Experiment 
• Fusion-evaporation with recoil

decay tagging trigger 
Challenges 

• Small cross section (1 ,tLb  10 nb) 
• Fission background 

The gamrna-ray 
tracking advantage 

rB>ResoMng power 
rB>EfTiciency 
rB>Count rate capability 
rB>Linear polarization 

Nuclei. with extremely deforllled shapes 


'> 10 J\ I~' \ 
:E I \ I \ 
'- K, I \ 
~ I \ I 
~ .. \1 \ I \ 
.,., 

.,-
-, 

4
!! 
"'(i 
Iff 

::.: 2~ 

o ., 1)..8 1.0 1.1 
Quadrupole deloml8t1on,l)1 

• How deformed can a nucleus 
become and what is its structure? 

• 	 Exotic shapes with 3: 1 axis ratio 
• 	 Predicted to exist near fission 

limit: Very heavy nuclei 
or at high angular momentum 
Challenges 

• 	 Small cross section 
• 	Weak channel 
• 	 Fission background 

The gmma-ray tracking 
advantage 

rB> ResoMng power 
rB>Efficiency 
rB> Count rate capability 
IE>Linear polarization 
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Nuclei with large angular momentum 


Collective properties of neutron-rich 

nuclei withfast exotic beams 


• How do the structure and shapes of nuclei 
evolve when the drip lines are approached? 

:):1 
No Correction v=O. 32 c correction 

, 
.:.:1 La 

"'\"l:'~"":: I ~V 

B. V. Pritychenko et al., Phys. Rev. C63 (2001) 011305(R). 
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Experiment 
• 	 Intermediate-energy 

inelastic scattering 
• 	 Thick secondary targets 

require y-ray detection to 
indicate inelastic 
scattering 

Challenges 
• 	 Need y-ray emission 

angle for Doppler-shift 
reconstruction 

• 	 Low beam rate (few/s) 

The ganma-ray 
tracking advantage 

IE>Angular resolution 
IE>Extends reach of NSCL 

CCF and RIA two 

neutrons further 

Efficiency 


IE>from stability 

1&DD ...-----------------, 

16G1 ------ ----------------- -------------- -------- 10~ 
~ SLPerdefame d i Bands "i a 	 ~ 

~ 16G4 ----~~P;;def~~;d-- _____________C!~_~~!!'!E...!!... 10"' !
i U~ i 
& 16Gi _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10:11 !!t 

Extreme deformation 

.... 
16G1II -

----. - 10'" 

16GT 

16G1 +-------.1""_--1_--+______ ___--+-'1011 

D 1D 2D ID olD III IIID TD 

Spin 

-+

• How much angular momentum 
can a nucleus sustain? 
• Are there new symmetry 
effects? 
• What are the roles of pairing 
and the proxi mity to the 
continuum? 

~!!!!!!!!!!II!!!!!!!!!!II!!!!!!!!!!II!!!!!!!!!!II!!!!!!!!!!II!!!!!!!!!!II!!!!!!!!!!II~~II!!!!!I!!!:~:!!!!!!'!I'I 
Experiment 

• 	Fusion-evaporation 

Challenges 


• 	 Small cross section 
• 	Weak channel 

The gamma-ray 
tracking advantage 

IE>Resolving power 
IE>Efficiency 
IE>Count rate capability 
IE>Linear polarization 



Mapping wave functions of exotic nuclei 


• What are the spectroscopic factors in the 
wave function of exotic nuclei? 

~li.i::: 
2" l.J7 

0"" 0 

10 

2000 4000 6CIOO 
Eneqy (keV) 

T. Aumann et al., Phys. Rev. Lett. 84 (2000) 35. 

I.,... 

::: 

0.06 

0.78 

Experiment 
• 	 Intermediate-energy 

nucleon knockout 
• 	 Thick secondary targets 

require y-ray detection to 
indicate inelastic 
scattering 
Challenges 

• 	Need y-ray emission 
angle for Doppler-shift 
reconstruction 

• 	 Low beam rate (0.1/s) 

The gamma-ray 
tracking advantage 

[E>Efficiency 
[E>Angular resolution 
[E>Extends reach of NSCL 

CCF and RIA two 
neutrons further from 
stability 

Giant resonances built on 

excited states and in exotic nuclei 

• What is the angular momentum 
dependence of the giant resonance width? 

r 
r 

J" 
r 

... 

... ... 4JIt l.I .., .... 

I 11 
! f1 
J 
I 
1 

j 
I 

1 

t 

1 

.. 

.. ,.-- 

Experiment 
• 	Virtual photon scattering 
• 	 Tag on low-energy 

transitions 
• 	Simultaneously detect 

high-energy y-rays 
Challenges 

• 	 Need y-ray emission 
angle for Doppler-shift 
reconstruction 

The gamma-ray 
tracking advantage 

IE>Efficiency at low and 
high photon energies 

[E>Angular resolution 

J.R. Beene et al., Phys. Rev. C 39 (1989) 1307. 

-11



Beta-decay properties of 

the most exotic nuclei 


Technical Challenges 

- Advances in detector segmentatton 

- Electronics development 
• Low noise high bandwidth preamplifier 
• Rapid sampling, high resolution pulse digitizer 

II SfgnaJ analysis a'lgorithm 
II 'l'racldrag algorithm 
II Com,Plltfng powerfor on-line processing 
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• What are the properties of the most 
exotic nuclei? 

Z 
31 Brut 

Experiment 
• 	Beta..decay after 

implantation 
• 	Bound excited states of 

daughter 
• 	Clean beta trigger, beta 

detection >98% efficient 
Major challenge 

• 	Minute cross section: 
1 atomlvveek (fb) 

The garnma-ray 
tracking advantage 

I&>Efficiency 
IX>Background rejection by 

photon direction 



Proof ofprinciple 
No show stoppers 

• Segmented prototype detector 
- Energy resolution: 1.2 keY at 60 keY and 1.9 keY at 1332 keY 
- Total integrated noise: < 5 keY (bandwidth 35 MHz) 
- 3·D position sensitivity: < 1 mm at 374 keY (single interaction) 

• Signal analysis (experiment) 
-1-2 mm: Adaptive grid search (very slow, 10 min) 

- 2 mm: Gene'tic algorithm (slow, few sec) 

- 5-6 mm: wavelet transfonna'tion (fast 10 msec) 

- 2-3 mm: wavelet transfonnation (fast 100 msec) 


• Tracking algorithms (simulation) 
- Compton tracking (150 keY < Eg < 5 MeV) 

• Tracking emciency 50% for multiplicity 25 

- Pair tracking (Eg> 5 MeV) 


• Tracking emciency 50% 

P/'rJofofP/1nciple 1: 

Segmented Germanium detectors 


MSU ANL-GARBO 
In use RID 

friC: ANL j--lpCieDSSD 
Planar Detector 
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ProofofPl1nctple 1: 

Segmented Germanium detectors 


AGATABxogam 
PlannedUnder construction Under construction 

Prototype detector at LBNL 
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. 37~keV 
~~,l(c.~~"'~~"~''''W_'.''W''''_'W''':'''"",,,w 

·"+w.w>·-:~r-''-',w._.,,;,=,~.,_;#._,,,,.:.,!_~_,_:~~::::,,,~:-,,,, 882heV 

Proof ofPrinciple 2: 

Pulse shape analysis 


Measurement of net and induced signals 

Collimation: 2mm in X! Y and 1 mmin Z 

Decomposition on O.5mm grid 

Interaction takes place in 81 

at X.16, V-3, Z=4mm 


~Y 

/'(F~~;TT~~~{ ,--'" 
! r" '" , " ,~••\ 
j ~ • • . - ,". 1 ~ :i t 

'"L:E;,s:~:~.:~:?:) i' 

Proof ofPrinciple 2: 
Understanding the measured signals 

~.fft~
SIgnIIlsln SagrMftl B4 c.. r."tt .....1' •_liB.... 

• 'E L HI 
....'*"'- .....-.. 

• AJ 

..,•. ,...u. AJ-1.5 mm 

I C' 

x-22.. y.4.S. AZ-1 JS mID 

t.) Ax-8mm 
....,~B3-atqlI,~ 

I L) Amplitude spread 
.. 1,5mm3 coIllmator 
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Position determination 

for a single interaction of a 662 keY photon 


K. Vetter et ai, Nuel. Instr. Meth. A 452 (2000) 223 

Position resolution 
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Crystal Orientation Effects on Charge Carrier Coflection 

x=18, y=1.5, z=1.0
Magnitude effects 

.y 

Electrons Holes A 

• x 

c· 
o 

0.8 

0.6Directional effects 

~ 0.4 
- Path with crystal effect ..e 

Path w/o crystal effect ~ 0.2 
20 « 0 

15 &
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.s:::.E 10 () -0.05E 
>" 5 -0.1 

-0.15o 
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Separation of two interaction points 

Slgnol'o X""14'Y;-5Zz:33ff'f'1'f 
·······M~···· ····M· '., 

r-...........~·:-~O~·....-"'~·.i·.......·+--Cl..........-I-..l......"'........J 

C& I 
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Ttne1'll) 

Qf------;------~-----~t .... 

Sensitivity for separating two interaction points 
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Signal decomposition of multiple 

interactions in one segment 


3 

2.5 

0.' 2 

0.1I ~4 
6.2 

0 
.o.S-0-2 

·t
.0.• 

0 100 2QC/ :2 :I 

TIme[MI - - X[emJ 

INPUT 

." ..;," 

./~I
/' 

/:~"""Y/'~'
/>:.'" 
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0..8 
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U 

20.$ 
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II 0.3 

0." T f 
£ 
>- 0.5 
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fU 
 " .(1,5 

0 ·1 

..0.' ..0 JOG 300 :2 I 

"'lMatnal X(cm1 

• Calculate signal in 
each segment for 
interactions on a grid 
+ base signals 

• Decompose the 
composite signal into a 
linear combination of 
base signals 

• Interpolate to 
improve position 
resolution 

Signal decomposition 

Singular Value Decomposition Method 
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Proof ofPrinciple 3: 

Tracking of interaction paints 


first step - cluster finding 

"WOrld.Map"Sho!"iIlIIJl!era%JO.llpts~JD.·c;e st.telJ············· 
(25 ·E.::L33 rvley) . 

Any two points with 
() < Op are grouped 
into the same cluster 

Tracking of Compton scattering interaction pOints 


1 
Ee = Ey 1- E 

1+ y (1- cosS)
0.511 

Problem: 3 f=6 possible sequences 

" ..'.,:, '._ -J",:. '.'," . 

·;··e·..~·.~.rltXtpoJ~·. 
/4)e:.....'''lIit:uI.t..c.frOIIIK..,···..dlte 

Sequence with the minimum X2 
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Tracking Results 
G.J. Schmid et ai, Nucl. Instr. Meth A 430 (1999) 69 

0.1 Nle\l <"-: Ey <5 MeV: COtl1.l)totl Effect dotl1itlatlt 

"Compton Tracking" 

Clustergeneration .... Tracking ....Split/ Add/Split-add 

-...-1.-'''' Tracking efficiency about 50% 


Tracking Results 
Ey > 5 MeV: Pair Production dOI11.il1ant 

"Pair Tracking" 

T. Teranishi and N. Aoi 


First hit recognition" Tracking 0.511 's 

t t""'··,w ••.. , ....... ·.·w,·,.· •. , .... , ........... " ... 'w....., ...... w •.·.·.·w•.• ,...·.'....,·.'w" ...•.'w.,.. , .., 


Tracking efficiency about 50% 
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Measured si nals 

Time [lOns] 

Time resolutionfrom digitalprocessing 


Digitizer: Gagescope 12bit lOOMHz 
Signals: Fast output of Gammasphere detector vs. BaF detector 

Time spectrum 

~. 
"

Time resolution 


1~ ~ DSP constant fraction 
~ 
§ 10 

•.t:: 
::s 
] 

Q.i
'0 .... 

i. 
,....... Analog


CJ ,.._ ' •. ri,..- .......... ..-~+ .... , ___ "'" .."..~...,~~
Time [ns] g ....... ······· ..·····{;lRcrnovlllA

f.::; • !. l<·,!'l('n~,' 

25 

20 +-------._-_ 

- Andlog 
Digital 

Sampling frequency [Mhz] 

Time resolution of 

segmented (GRETA) vs. 

non-segmented (Gammapshere) 

Ge detector 


GRETA. in-beam test 

129Xe + 12C, 600 MeV 

Coulomb excitation 129Xe, fusion evaporation J38Nd 

Schematic setup (top view) 

Monitor Ge spectrum 

..J 
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• • 

Future RID plan 


III Triple detector cluster module 

III Pulse shape digitizer electronics 

III Signal processing computer 

III Signal processing algorithm 

Detector Prototype 

Triple Detector Cluster Module 

Design completed 


• Close pack of detectors 
• Tracking across detectors 

gem 

B-C..O Cluster 

-22



Electronics Developments 

Pulse Shape Digitizer 
Prototype available for testing in 2 months 

• Sampling rate = 100 MHz 
• Resolution =12 bits 

Tracldng Detector Schedule 


Calendar year 2001 2002 2003 2004 2005 2006 2007 2008 

coo (Mission needs) -
CDl (Baseline Range) 
Req. FY03 PED funds • ~PED -

~CD2 (Perfonnance baseline) 
Req. FYOS Construction funds 
PED (final) • 
CD3 (Approve construction) -I

1111Start construction ,.. 
.~, :;.13·detector module 

Pulse digitizer electronics 
Signal processing computer 

Signal processing algorithm 

Number of modules 4C3 7 271 17 
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u.s. Gam:11la-Ray Tracking Steering 
Committee 

for Nuclear Structure Physics 

• Con Beausang, Yale University 

• Doug Cline, University of Rochester 

• Thomas Glasmacher, Michigan State University 

• I-Yang Lee, Lawrence Berkeley National Lab. 

• C. Kim Lister, Argonne National Laboratory 

• 	David Radford, OakRidge National Laboratory 

• Mark Riley, Florida State University 

• 	Demetrios Sarantites, Washington University 

History and organization of the 
u.s. gamma-ray tracking effort 

• 	1995 Duke Town meeting frrst discussion 
• 1997 First prototype received and tested 
• 1998 Workshop on GRETA physics (LBN~) 
• 1998 Workshop on experinlental equipment for RIA (LBNL) 
• 1999 GRETA advisory committee fonned 
• 1999 Second prototype received and tested 
• 2000 Workshop on GRETA physics (MSU) 
• 2000 Proposal for a GRETA module cluster submitted 
• 	2001 National Steering Committee for Gamma-ray tracking in 

Nuclear Structure Physics fonned 
• 	2001 Workshop on Digital Electronics in Nuclear Physics (ANL) 
• 	2001 Workshop on Gamma-ray tracking detectors for nuclear 

science (Lowell) 
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Conclusions 

• 	 Gamma-ray tracking is a qualitatively new concept 

which advances detection sensitivity by three 
orders of magnitude. 

• 	 A gamma-ray tracking array yields immediate 
discovery potential at current stable and exotic 
heavy-ion beam facilities. 

• 	 The efficiency of a fuUy-implemented gamma-ray 
tracking array is a must for any facility where beam 
time is at a premium, such as RIA. 

• 	 The gamma-ray tracking concept has brought 
together scientists from different areas into one 
well organized community. 

• 	 There are no show stoppers in gamma-ray tracking 
detector technology. 

Oam",a RailEnergll Tracking Arrall 

END 
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The Advanced Gamma tracking Array AGATA 

J. Gerl (GSI Dannstadt, Germany)for the AGATA collaboration 

Any array designed for "( spectroscopy of very exotic nuclei must combine the highest possible effi
ciency, selectivity and energy resolution with a simultaneous capability to handle total ,,(-ray multiplic
ities of up to M-y=30. The instrument must also accept a wide range of beam velocities (from stopped 
to ~::::50%) and must function in high "( and particle background levels. These features can only be 
achieved with a closely packed arrangement of Ge detectors, which allows the "tracking" [LieOl] of 
the detected 'Y quanta, i.e. the possibility to detect the energy, time and position of the interactions of 
individual 'Y quanta throughout the detector volume. This requires a large solid angle (41t) shell of 
highly segmented Ge crystals, with properties such as those detailed in table 1. 
The on-going research on "(-ray detection arrays [GerOO] has led to the proposal of AGATA t the Advanced 
GAmma Tracking Array [AGAOl]. The geometrical structure of AGATA is based on the geodesic tiling of 
a sphere (inner diameter 17 cm) with 12 regular pentagons and 180 slightly irregular hexagons. The total 
number of segments in the array is 6780, which provides the optimum position sensitivity. The total solid 
angle covered by germanium material is close to 80% of 41t. 
An AGAT A detector module contains three 36-fold segmented Ge detectors of hexagonal, tapered shape. To 
improve reliability, each individual Ge detector is encapsulated in an aluminum can - a new technology 
developed in the framework of the Euroball [Sim97] and Miniball [Ebe97] projects. The preamplifiers con
sist'of a cold part including the FETs mounted inside the cryostat and a warm part behind the Ge detectors. 
Highly integrated digital pulse processing electronics is mounted in a second layer behind the preamplifiers. 
The data are transferred via a fiber-optic channel for further analysis. 
The AGATA electronics will be based on digital signal processing, by which the preamplifier output is 
sampled and digitized with fast ADCs to record the time evolution (shape) of the signals. From the 
signal detected in a segment and the mirror charges observed in its neighbours the interaction position 
of a 'Y ray can be determined with an accuracy of 1-2 mm. Digital processing electronics, placed di
rectly adjacent to the detectors, will extract energy, timing and interaction positions from the sampled 
signals. Each data item will be time stamped, allowing later event reconstruction as well as the con
struction of delayed coincidences without dead-time problems. In addition, software triggering will be 
implemented, providing an easily configurable and flexible event filter, especially important for rare 
events. 
With the help of sophisticated computer tracking algorithms to disentangle the event information, the 
resultant increase in effective detector granularity allows a precise reconstruction of the 'Y event includ
ing emission angle. Apart from the superior ability for geometric characterization of the events (e.g. 
Doppler corrections) leading to improvements in resolution, the maximum counting rates of the detec
tor system is also greatly increased. 

Table 1: Basic properties ofAGATA 
Photopeak efficiency 	 (Erl MeV, M-y=I, ~<50%) 

(Erl MeV, My=30, ~<50%) 

(Ey=10 MeV, My=l) 

Peak!Total ratio 	 (My=1) 

Angular resolution ~el' 	 (~Ey<I%) 

max. event rate 	 (M-y=l) 

(My=30) 

50% 

25% 

10% 

>60% 

< 1° 

3 MHz 

0.3 MHz 
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[AGAOI] AGATA - Technical Pro
posal, ed. J. Gerl and W. Korten, GSI 
Darmstadt 2001. 

[Ebe97] J. Eberth et at, Prog.Part. 
Nucl.Phys. Vol. 38(1997) 29. 

[GerOO] 1. Ged, Nucl. Instr. Meth. 
A442 (2000) 238. 

[LieOl] R.M. Lieder et al. Nucl. 
Phys. A682 (2001), 279c. 

[Sim97] 1. Simpson, Z.Phys. A358 
(1997) 139. 
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Future of Nuclear Spectroscopy? 

The Nucleus at Its Llmltsl 

• Structure far off Stability 

• Shape and Spin Response 

• Nucleosynth••ls . 

• Fundamentallnteractlons 

• Hypernuclear Structure 

AGATA 


Advanced 

GAmma 

Tracking 

Array 


J. Gell 
for the 


AGATA Collaboration 




Proton • rich nuclei 
N=Z symmetry 

Proton radioactivity 
Proton - neutron pairing 
Isospin symmetry 
Test of Standard Model 
and Symmetries 
Nucleosynthesis. rp process 

Neutron drip line 
Shen quenching 
Skins and halos 
LooseJy bound systems 
Soft collective modes 
NucJeosynthesis.. r process 

~ 
'0 

~Ico 

to 
I 
~ (LL 

E 

t !i'&(1) 
co c..
'
to 
Q) 

U 
:J 
Z 
u 
:c 
0 x 

.-
Q) 

w ..-, t.r::. 

X! 
1 

:::s 
til 

~ ea 
!~'Y. ...1(.) :§... 

15 
~ e 

-29



RISING Experiments 

Fast beams at ~ 50 A MeV 

• Coulex 

• Secondary fragmentation 

• g-factors 

Slow beams at 4-10 A MeV 
Ifl. Multiple Coulex 

• Transfer 

• Compound reactions 

Stopped, low-intensity beams with < 1/s 

• (3-decay 

• Isomer spectroscopy 

• Nuclear moments 



Reaction types at relativistic energies 


Coulomb excitation Flllgmentation 
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Efficiency and Selectivity 
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Int. Workshop an developments ofGe detector array and frontlets of gamma-ray spectroscopy 11-13 dec. 2001 F.A.Beck 
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Gamma «tracking » basic elenlents (1) 


)- EUROBALL I GAMl\IASPHERE 
Ge crystals sllITounded with BGO anti-Comptonshields 

--- ..........

(PiT increased to Rr 0;5) 

)- Multidetectors of the future: 

o increase of the photopic efficiency by: 

- increase of the angular coverage by a factor 2 

- add-back of the energies deposit in several detectors 

by the same gamma-ray 

o PIT ratio equal or better than the present ..... 0.5 value 

-) will need a high segmentation of the Ge crystals to be 

able to measure with accuracy the main characteristics 

of the interaction points (energy relaxed and scatering angle) 

Int. Workshop an developments ofOe detector array and frontiers of gamma-ray spectroscopy 11-13 dec. 200 1 F.A. Beck 

Gamma « tracking » basic elements (2) 

>- Compton scattering equadon 

gamma path reconstruction with the help of the scattering equation 

>- Clusterisadon 

F.A.BeckInt. Workshop an developments ofOe detector array and frontiers of gamma-ray spectroscopy 11-13 dec. 200 1 
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Good event selection 

• Logical relations 

• Correlations: E- t, t - t, E - E, t - pos., 

E- pos., pos. -po8., .... 

• Multiplicity: Gamma(t), Anc. det.(t) 

• Total energy 

• "Higher order" criteria 

Qn-Lint 9'oabilltios 

• POSt determination 

• Multiple hit determination 

• Arithmetic operations (calib., Doppler, etc..) 

• Total event storage: >90% or > 50 kHz 

• Good event storage: >90% 

• GOOd event analysis: >90% or > 1 kHz 

• Data visualisation 

• Remote detector and electronics control 

• Easy-ta-use experiment control 

AGAT A Electronics requirements: 

Gamma detectors 

6840 channels; E, t, POSt 
Dynamic range: >15 bit 

E-nolse: < 500 eV 
Dynamic range: >12 bit 

Time jitter: <1 "' 
xyz-pos.: pulse shape of real and mirror charges 

(on-line) 
Heaw Ion detectors 

s 30 channels Eft 

s 60 channels t 


Dynamic E range: >12 bit 


Dynamic t range: >12 bit 

Time Jitter: < 0.2 ns .....< 1 ns 


Ancillary detectors 

s 500 channels E, t. (pos. 1) 

S 500 channels t, (pos. 1) 
Dynamic E range: >13 bit 

Dynamic t-range: >12 bit 

Time jitter~ < 0.2 ns ....< 1 ns 
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Performance at Ey =1.33 MeV for various 41t 
arrays built out of all-equal regular crystals 

Number of OeMass t;t,[Ptr]%,-(pm % 
(kg)Detectors My=30Mrl .......---... 


SUiiidardsheU 65 {85] 
~-

233 36 [60]r:-..··........··..··.. · 

120 140 30 [56]Ball 18 [501 
36 90 25 [52] 12 [44]Barrel beX8JOl1S 

cylinders 112 26 [56] 14 [50] 
Barrel hexagons 54 135 30 [551 15 {461 I 

169cyUnders 29 [58J 16 [48J 
EUROBALL 239 210 9 (56J 6 [37J J 

4~ arrays built out of all equal, individually canned, 
regular Ge crystals 
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AGATA 


Suggested design: 

• Spherical Ge shell 

• Velocity displaced target 

• 192 detector units 

• Hexagonal Oet.: - 180 units 
- 36 fold segmented 
- encapsulated/coated 

• PentagonaIOet.: - 12 units 
- 30 fold segmented 
- encapsulated/coated 

• Ge coverage: =80% 

fNumber Number of Shell ISolid IAmount ICluster 
inner aaste ofOe typesof hexagonal 
radiusshapeshexagons 

(q)(.,) 

661 318.8 


80 


7.216060 

81 

116 

78.28.7 

78.SlL4110 

139 I 2,4,678.1 


ISO 


12.8120 

18.6 111 


180 


IS.1 

18.1 21S I 3,9 

200 

17.1 

78.31 232 I 10 

240 78.71 295 
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AGATA Detector Module 
AGAT A configuration 

(1) three ....,-..ntedGedateotors 
(2) pre 
(3)tram.euppo" 
(4) digital pulM :processing electronics 
(6) fiber-optioa read-out 
(6) LN2 - dewar 
(7) target polition I 

I 

Crystal 
type 

Ge 
diameter 
front 

(em) 

Ge 
diameter 
back 

(em) 

Crystal 
volume 

(em3
) 

Corresponding 
solid angle 

(%) 
...... 

12 pent. 2.84 5.09 

.._-_..... 

86.4 2.1 

60 hex. 4.24 7.06 180.7 21.9 , 

60 hex. 4.70 7.65 211.2 
i 

25.0 I 

.-.----~ 
28.2 

------_._, .. 

60 hex. 
............"""' ....._--

4.95 8.00 236.3 
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Segmented planar detector and difference in collecting time 

Segmented planar detedor 	 DHTerence In roDection time 

Signaux 

segments 	 rll----- 190 MI 1---·.... 

t 
j 

AC 

~'gna1 
HI qp s~mme 

~	much easier to do an on-line roDection time-interaction point rorrelatlon 'With 

planar detectors than with coaxial detectors 

Int. Workshop an developments ofGe detector array and frontiers of gamma· ray spectros copy 11·13 dec. 2001 F.A.Beck 
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Geometry for a 41t spectrometer with planar stacks 


sorti e hi sceau: . '. entree fai sceau. .. .......................................---
~ : 

Basic planar st,,;ck: four planar 
detectors segmented 4 x4 with a 
common anode by p air of crystals 

64 + 2 = 66 electronic channels 

4 7t array : Chiteau of 72 planar stacks 
288 single planars 4 x 4 =4608 segments 

4608 + 144 = 4752 electronic channels 

Int. Workshop on developments ofGe dete ctar array and frontie:rs of gamma- ray sp ectros copy 11-13 de c. 200 1 F.A.Beck 1 0 
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~ood event selection 

• Logical relations 

• Correlations: E- tf t - tf E - E, t - pos., 

E - pos.• pos. -poe., .... 

• Multiplicity: Gamma(t). Anc. det.(t) 

• Total energy 

• "Higher order" criteria 

On-LiM C8J1II1llnl!'s 

• POSe determination 

• Multiple hit determination 

• Arithmetic operations (callb., Doppler, etc.) 

• Total event storage: >90"Yo or > 50 kHz 

• Good event storage: >90% 

• Good event analysis: >900/0 or > 1 kHz 

• Data visualisation 

• Remote detector and electronics control 

• Easy-ta-use experiment control 

AGAT A Electronics requirements: 

Gtmma detectors 

8840 channels; E, t. pose 
Dynamic range: >15 bit 
E-noise: < 500 eV 
DynamiC range: >12 bit 

Time jitter: <1 ns 
xyz-pos.: pulse shape of real and mirror charges 

(on-line) 

Heavy lpo detectors 

s 30 channels E,t 

Seo channels t 
Dynamic E range: >12 bit 
Dynamic t range: >12 bit 
Time Jitter: < 0.2 ns ....< 1 ns 

Ancillary detectors 

S 500 channels E, t. (pos. 1) 
S 500 channels t. (pos. 1) 
Dynamic E range: >13 bit 
Dynamic t-range: >12 bit 
Time jitter: < 0.2 ns .... < 1 ns 
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AGAT A DACQ requirements: 

Types of experiments 

A) HI + Gamma + Anc. part 


N(HI): 105 
••••107 Is 


N(y-evt.): 104 
.....105 Is, M(y): 1 .... 30 


N(Anc.. part...evt.) 10° .... 1 05 Is, M(A.p.): 0 .. 10 


(prompt or prompt + delayed Gammas) 


B) HI + delayed Gamma + delayed Anc. part. 


N(HI): 10.2 
....104 /8 


N(y-evt.): 10-3....104 Is, M(y): 1 .. u 10 


N(Anc. part .... vt.) 10"3••••104 /8, M(A..p.): 0 .. 10 


(prompt background Gammas) 


C) Gamma + Anc. part. 


N(y-evt.): 104 
••••106 Is, M(y): 1 .... 40 


N(Anc. part.-evt ..) 10° ....108 /s, M(A.p.): 0 .. 10 


(prompt or prompt + delayed Gammas) 


Good eventITotal event: 10.2 
••••10-6 (10-9

) 



Option A electronics 

Trefin 
Busylhit 
out 

~ IADC""" II'PGA ~ I'Yocessingfre.. " x36 Buifer+ E.T stage. (x20) 
process proc:essiaJ 

.....=iiiiiiiii;;;;....;;~;...___.. Implemented _ inFPGA 

Control intetface 
JEEEt394 

AndDSP 

Power supply conversion 
for on-board use. and 
alsoGeHV 

nmestamp counter 
aod syncI'uuBsatiOll 

OCin Timestamp clock in with syncbs superimposed 

Option B electronics 

HVOllt 

Trefin Gate in Busylbit 
out 

Pre. x36 Buffer,,: E,T Ethernet protocol~~IADC IFPGA~ ~..~ 
process procesSIng generaticn. 

Power supply ccmversion 
for on-board use, and 
alsoGeHV 

....-

Position 
Processing 

Uses External 
PCfann 
or other 
processors 

........... 
Formatted 
Data to 
DAQover 
Fibre link 

DCm Timestamp clock in with synchs superimposed 

-48



Basic properties as required for AGAT A and compared to an ideal Ge shell 

(Ideal shell: 9 cm thickness, 150 mm inner free radius) 
Ideal Ge-shell I Detector properties specified for 

I 100%1,0< ~ <0.5\ Efficiency (Pr.) \B-t= 0.1 MeV. M,= 
72%\By= 1 MeV, My= 1, 0 < ~ < 0.5 

15%\ By= 10 MeV, My= 1, 0 < ~ < 0.5 

36%IEy- 1 MeV, My= 30, 0 < P< 0.5 

I 	
! 
! 


I 85%I Peak-to-total ratio (Pff) IBy = 1 MeV~ M,= 1 

60%1 MeV,M1 =30\B-t= 
-Angular reso1ution (~ay) I&EIE < 1% 


-
My= 1 

M.y=30 

Maximum event rates 

-

150mmlEma' free space (Rj ) 

AGATA 

>70% 

-50% 
I 

-10% 
1 

- 25~) I 

60-700/0 I 
I 

40-50% 
! 
\ 
I 

better than 10 

3 MHz 

0.3 MHz 

170mm 
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Doppler correction capability 

.---------------------------------------------- -

O~~--~--~~~~--~~~~-
o 10 20 30 <iIO eo eo 70 80 

RecoIl velocity y/c (%) 

o 
II 

.Q
> 
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AGAT A characteristics for typical reaction types 


1 

..~..... ~_~:n_e~~_~_gY_ra_e~_i~..!I.-~l_·e_nc_J_+-~_v:_:1~~__ ~~~~!IJ 
: Relativistic CoulOlnb 28 % 0.9 MHz - 3.5 keY ' 
l.excitation: M::: 10, vic - 20% __.._.........._.....~l%~._~__ ..._----4___--!--~(O_.6_~_v.!-)--I 
ISecondary fragmentation : 24% 0.6 MHz -5keV 
:M::: i5, vic .... 50% (O.7 %) 
j High-spin spectroscopy ; 22% 0.3 MHz - 2.5 keV
lM ::: 30, vIc -:_~.r.C?............... -+___~_.........£-__--+____--I--.l..(O.....:...3_!~t..... 
IIsomer spectroscopy : 0.9 MHz < 2.3 keY 
1M::: 5 + 5. vIc::: 0 (0.20/0) 
All values are given/or a y..ray energy of1 MeV. 
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eNS Ge array for in-beam I spectroscopy of 
fast moving exotic nuclei 

S. Shimoura 

eNS, University of Tokyo, Japan 

Email: shimoura@cns.s.u-tokyo.ac.jp 

Nuclear spectroscopy of far from the stability line is one of the major interests in the 
investigation of nuclear structures as functions of proton/neutron numbers. In order to 
populate various excited states in exotic nuclei, direct reactions between intermediate
energy RI beams and various targets are used and measurements of de-excited -y-rays 
have been performed for their spectroscopy. 

This technique is characterized as an inverse kinematics where the target acts as a 
probe exciting the beam-like ejectile. Since the velocities of the excited nuclei are similar 
to that of the beam, i.e. more than 30 % of the light velocity, the energies of the -y
rays suffer from Doppler shift depending on the folding angle between the -y-rays and the 
direction of the ejectile as well as on its velocity. 

Because of the Doppler broadening due to finite angular acceptances of -y-ray detectors, 
we have used an array of NaI(TI) scintillators, DALI, for the measurement. Typical energy 
resolution the array is about 100 keV for 1 MeV -y, which corresponds to angular resolution 
of 10 20 degree for each detector. Although there are expected to be a lot of interesting 
studies in this kind of experiments, the region of the nuclides have been limited in light 
and/or even-even nuclei. 

If one aims at extending this method to heavier and/or odd exotic nuclei, detector 
systems with higher energy resolution are needed. Intrinsic resolutions of detectors are 
improved by using Germanium (Ge) detectors, the resolutions of which are more than 
1 order of magnitude better than NaI(TI) scintillators. In order to balance the Doppler 
broadening with the intrinsic resolution of Ge, we have to determine the emission an
gle within a few degree. Recent -y-ray tracking techniques for segmented Ge detectors 
can be applicable to get good angular resolution without loo~ing efficiency. Along this 
considerations, the eNS, University of Tokyo, is now constructing a new segmented Ge 
array. 

In the talk, I discuss the basic idea of inverse kinematics measurements for intermediate
energy direct reactions, introduce the present DALI system and several recent results from 
the mesurements by using it, and present requirements for the Ge array and its design. 
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eNS Ge array for 

In-beam Gamma Spectroscopy of 


fast moving exotic nuclei 

eNS, University of Tokyo 
S. Shimoura 

Intematlonal Workshop on developments ofGe detector array and 
frontiers of gamma-ray spectroscopy, Dec. 11-13, 2001 

Menu 

-In-beam Spectroscopy of Exotic Nuclei 

-Inverse Kinematics 

• Probes for Direct Reactions 

-Spectroscopy of Neutron-Rich nuclei (12Be, 14Be, 32Mg, 34Mg) 

-eNS Ge-Array for High Resolution Gamma-ray Spectroscopy 
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Inverse Kinematics 

- Formation of Excited States and Their Decays 
Measure all the momenta 

Gammas .......... 

Projectile Projectile· 

• 
I .---..

IInteraction i Ejectiles 

Target Formation Decay 
- Direct reactions are important for incident energies above several 

tens of MeV: Target as a Probe 

-Velocities of Ejectiles are almost same as that of projectile 

- Gamma-rays are Doppler-Shifted 

Spectroscopy of Beam-Like nuclei with 
Targets as Probes 

-Heavy Nuclei: Strong Coulomb Field 
-Coulomb EXCitation, Coulomb Dissociation 

~ lsovector, E1JE2 

- Hydrogen, Deuterium 
-Inelastic Scattering 
- Charge Exchange Reaction 

, lsoscalerllsovedor. Spin FlipINon-flip 
-Knockout 

-Herium-4 
-Inelastic Scattering 

-Isoscaler, Spin Non-flip 
-Any target 

-Inelastic Scattering 
-Knockout 
- Fragmentation 
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Decays of Excited States 


Gamma Decay 

A 

• Momenta of all the decay particles including gamma rays -> 

Excitation energy (from invariant mass) 
• Particle-particle, particle-gamma correlation -> 

Spins and Parities 
• Sc.\ec..~vtT\,.S -t ~~ ~_" 

Transition Probabilities 

-Cross section of Coulomb Excitation -> B(EL).... 

-Cross section of Nuclear Excitation -> Deformation Length -> B(EL)... 

-Adequate reaction model required (OWBA ...) 

• Lifetime and Branching Ratio -> B(EL)... 
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AE * plastic scint. 
(13 seg., 5mmt) 
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• Example : Nal(TI) array 
-Scattering angle vs. Energy deposited in detectors (data) 

2.1 	MeV gamma-rays from in-flight 128e* are shifted 
about 0 ..2 MeV (FWHM) resolution after D.S. corrected 

0.5 MeV gamma-rays from positron annihilation are not shifted 
"-_.- ··"\ii~~"~l~ ..6J, 

l26e -t-Q.He 

~A'Be. +y' +X 

r' 

4' 
.\.$ 

t I 

o • 

D.5'I(He\l 

"SeJ\lCYa-) 

150 

100 

50 

o 

2+~O+ (885 keY) 

~ 

208pb(3~g,32Mg y)20Bpb 

E· ·.'49.2 MeVluIn 

o 1000 2000 3000 

7-RAY ENERGY (keV) 
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Spectroscopy of Neutron-Rich Be isotopes 

• Low-lying 12Be states 
-1- intruder state (Coulex) 
-collectivity of 2+ state (p,p') 
- isomeric 0+ state (isomeric llbeam-) 
- proton/neutron matrix elements using different probes 

I> (P,p'). (alpha,alpha'), Coulex 

- Cluster states in 1288 and 148e 
-Inelastic excitation 
- Fragmentation 

-Halo structure of 14Be using spectroscopy of its lAS by (p,n) reaction 
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large deformation length of 2+ state in12 Be 

gJC{2"') [MeV] Iwasaki et aI., Phys. Lett. 481 B (2000)7 

'1 IOB~{p,r.)
lH(lOse,lOse·)lH'..·°1 ~2+ 

103 E1Ilb=59.2MeV/u~Mtt 2.1£2" 

0.01 --0+--0+ 

102 

'i: 
~ 
,J:) 

! 101 
.D 
.!! 

C 

~ 
103 

'0Q b 

<+' 2.00(23) 
1.80(25) 

1.7 

102 

o 

0.7 

101 

8lu [deg.]N ,.. 6 B 

Isomeric ot-state in128e 


2.7----i 
'* 

E2 
10 

O. t1... kit;"" 

\.0 0.1 
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- ....----0+ 
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eNS Ge-array project 

• Requirement: 
• Detectors should be located as close to the target as possible 

Detectors around 90 degree with respect to beam axis 

... Largest Doppler-shift-broadening 


eGood angular resolution (1-2 degree) for 1-dim. correspond to 

intrinsic resolution of Ge detectors (a few keV) 
Planer-type detector 

, Pulse-shape analysis to determine vertex points in the direction parallel to that of 
the Electric Field 

e Multiplicity of gammas is not so large 

No anti-Compton shield is considered at this time 


• Minimize Costs and Time 
t.' ;:;l""fJe ~~ v 
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Detector specification 

-Active volume: 6cm-dia x 2cm-thick 
-2 Ge-crystals 
• Each crystal is segmented to 3 x 3 

Fer \.. ~oo... T&~. f,~Vl'} 
Scm 

.:#~~ . , 

-r:8" ..' . 

. '..' ',1.'.. 
'.:." . 
::.{

." I 
. .. 


I '.o I Z 

tGammaray
I,, 

Array Configuration 

• Locates 18 detectors around 90 degree with respect to beam 
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Pulse-shape analysis of segmented Ge 
• Good resolution for ONE direction 

Time (nS) 

Pulse shapes as a function of depth for 
Planer Detector (a) hit segment (b) total 
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1.7• 

2.0 

1.9 •
• 

Performance (Simulation) 
- Energy Resolution after Doppler-Shift Corrected (vIc =0.3) 

8 keY (FWHM) 17 keY (FWTM) for 1-MeV gamma 
-Total Detection Efficiency (epsilon x Omega) 

5 % (All) 3.4 % (more than single hit) 
.Peak-to-Total Ratio 

23 % (All) 42 010 (more than single hit) 

A$S~\""ca. 

1st"" H,;t :::. Hit' 0.( ~.... 
~~t 

.6toG\Y"'l~ 
()2= 1 wtm 
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Gamma Spectroscopy with Radioactive Ion Beams at the HRIBF 

Cyrus Baktash 


Oak Ridge Nadona} Laboratory 
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Outline 


• 	 Introduction: 
» Holifield Radioactive Ion Beam facility 

» experimental challenges 

» Nuclear structure endstation 

• Coulomb excitation with RIBs 

• Transfer reactions with RIBs 
• Fusion reaction with n ..rich and p-rich RIBs 

• Decay spectroscopy 

• Outlook 
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Existing and Planned 180L Facilities 

UJith Beal11 Energies up to Coulotnb Barrier 


Now: HRIBF (p-rich & fission fragments, A< 140) 
Now: Louvain la Nouve (p-rich noble gases, A< 40) 

2001: SPIRAL·I @ GANIL (initially noble gases, A< 90) 
Facilities >2005: MAFF @ Munich (fission fragments) 

2006: ISAC·II @ TRIUMF (A< 60) 

2006: SPIRAL-ll @ GANIL (tis..~ion fragments) 

Nuclear Structure & Reaction Studies Around Coulomb Barrier 
- Coulomb Excitation (multi step) 


.. Transfer reactions 


- Fusion (sub-barrier, evaporation, high ..spin, fission, heavy elements) 


.. Break up reactions 

Physics - Semi .. & doubly-magic nuclei 


- Detailed spectroscopy of N-Z nuclei 


.. Proton drip line nuclei 


- rp- and r-process nuclei 


The Holifield Radioactive Ion Beam 

Facility at ORNL 


I' 

o Operational ISOL facility with 

RIBs above the Coulomb barrier 

o Excellent energy resolution and 
beam quality: 
Ideally suited for nuclear structure 
and astrophysics 

0' Proton-rich beams:As, Ga, F. 
Long-lived p-rich beams soon. 

o Neutron-rich RIBs: more than 100 
beams with intensities> 103 pps. 

o Many specialized nuclear structure 
& astrophysics detection 
equipment are at hand. 

HOIJ.FlELl) RADIOACTIVE 10K 
BEAM FAcnm 

~nt' 
• • ..:mn 
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1 

Intensities of the neutron-rich beams from HV platform (pps) 


Typical required intensities: 


Mass measurements: afew pps 


Coulomb excitation: 103 pps 


Transfer reactions: 1 ()4 pps 

Fusion reactions: 106 pps 

70 
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Experimental Challenges With RIBs 


• Experiments with radioactive ion beams are very challenging 
» :Low intensities of RIBs (typically 4 to 7 orders of magnitude smaller than SIBs) 

}) High P& '1 background due to the decay of RIBs 

» Isobaric beam contamination 

• flow to cope with these problems'! 
» Low intensity: .Maximize detection efficiencies of all subsystems 

» IIigb Background: Require coincidences between two or more detectors 
- Gamma rays, cbarged particles, beam particles, recoils, recoil decays 

» Isobaric contamination: Identify Z 

- Charged particles, x-ray, Bragg detector, ionization chamber, dEldx 

• What is required? 
» Develop detection systems that are specialized, efficient, selective, and ftexible. 
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Recoil Mass Spectrometer Endstation 
A poweful & flexible system for nuclear structure studies 

CHARMS (CLARION + ..,.... Array + RIll): 8pecIfIcaI.,. d••""" for Yspectroecopy with RI8a 

Upgrades In progress: 
- Si part of HyBa11 
- Neutron detectors 

Future plans: 
- RMS operation in gas-fined mode 
- CLARION: Addition of 5 Clovers 

to double y-yefflciency 
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CLARION 

Clover Array for Radioactive Ions 


High Efficiency 
o 11 clovers. Each clover: &y= 150% 01.3 MeV 
o Total photo-peak £p= 2.25% 01.3 MeV 

(£p= 2.8% with 11 CSS det. added) 

High Resolution 
o Electronically segmented clovers 
o Reduced Doppler broadening 
o FWHM =2.2 keV 01.3 MeV 

High PIT ratio 
o Add back capability. 
o BGO shields 
o PIT=O.57 01.3 MeV 

http:PIT=O.57


2035 

1+4VMV 1~ ~ 
1+2 2+3 3+4 V V ". e. 

Energy-sharing bin 

Hy8all: A Hybrid Ball of Csi &DSSD Detectors for RIBs 

Characteristics: 
- 95 e51 with photodiode readout 

- Excellent Particle 10 

- 95% geometric efficiency. 

Applications: 
.. Channelsehlctlon In fusion

Evaporation ructions 
- Coulomb excitation 
.. Transfer reactions .. 
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tcr(JSCOp!1 132Sn, 
counts .... .... ....t-".... N tal...... f\l tal ..r:: en en "'4 en CD 0 o 0o 0 0 0 0 000 0 0 0 

0 o 0 0 0 0.....:100000000• 132Sn is arguably the best doubly-magic nucleus: 
It has the highest fITst excited state, even after 

correcting for mass. 


• Some open problems: 
» 1348n has a very low first 2+. 

II 
CD» Standard parametrization of Nilsson morel puts p3l2, p 1/2 and f5/2 .... 
1
+neutron orbitals at too high an energy. Other mean field p>tentials CD atoo reproduce poorly the ordering and spacing of single particle/hole -0 ....f' -

0 inenergies around 132Sn. This has serious implications for modeling of I;III:"~ v$ 41the r-process using these potentia1. Reducing spin-orbit interaction < < CD!{1
helps this problem. m_6 j,,0. +

,} Proton 8112 in J33Sb and neutron i1312 in 133Sn have not been R
CD ° experimental)y identified Hence ambiguities exist in interpretations < .w....., 

of the medium spin states in neighboring nuclei. ...... 
:::::0 c: N 

}i Exact p<})itions of the single particle states are still being d!bated 0 :J mCD0(particle-vib:ation coupling, monopole term in the Hamiltonian) n 
0 

0 ,0 :%0 .... CD, 1...... < 
tl)• Some good news 

- , nn ......0 
(I)Large scale sl£ll model calculations using realistic effective , 0" T~ CDinteraction are in remarkable agreement with the available 0 0-(I) 

--4 
0experimental data (Naples' group). 0 


}} Experiments with radioactive ion beams will soon provide more 

stringent t~ts of such microscopic models. bi 


0 
At HRIBF, we have begun a program in this direction. 0 

CD 
0 
0 

-..:j 
CJl 

I 

0
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Singly stripped - suHabtefor Coulex 
For doubly stripped, divide by five 

<D 107 

~ 
S 
c10e 1'-----
o 
~ g105 ~-. 

1Q4 ........__----------"--~r.=....---r 
Proton..,indUcedfission of uranium 
UC.tacget 

HRIBF will be the only facility that can accelerate these 
beams above the Coulomb barrier for at least 4 - 5 years. 

Total of over 100 beams with at least 103 ions/s. 

118Ag on Be and C targets 
HyBall particle 10 spectra: 

.... ,...f455 MeV 11'Ag,Sn on 9Be 
~ / SmaU 118Sn component of beam (-100/0) 

...f 
>.. 
.~ . 
Q;) ," 
C 
W 

.' 
la99.,.BeB.eL,,' 

35 

25 

15· 

Gammas gated by charged particles: 
----......,...... , , , -.-..~--.------,----r---...,-----. 

p-gated 
-l> 12&re + p3n 

5~'~II~~~~~..~~~~~~~ 
45 t 
35~ 

;-.., 500 MeV H8Ag,Sn on 12C .--1--2_5....1-_ 

15 

//~ 

p 

5 

180 

140· 

100 

60 

20 

«-gated 
..... 123Sb + o.3n 

, f t t ,« 
1400 

! 
, i 
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(b) 

<I) 

15 

Recoil Detectors 

Metal toil I 
X-ray 
detector 

50 em downstream from target 
and at RMS aehromat 

Target 
Fon plus multichannel plate 

CLARION 
11 segmented clover Ge detectors 
10 smaller Ge detectors 

HyBall 
95 Csi detectors with photodlodes 
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12 

SIB calibrations 

X-ray 
detector 

Te, I, Sa in Au tOil 1 
~ 

Aul 

PdK.. Te. I, Sa in Pd foil 

16 

l 

Doppler corrected 

396 MeV 13G-re + 136Ba 

on 0.83 mg/cm2 C target 

Te Prompt carbon gate 
2'"",,0" Doppler corrected 

Ungated 

-79



Analysis is not yet complete. 

1.8 

- 1.41l 
N 
(])--+ 

C\lt 1.0 

+o 
N wco 0.6 

0.2 
• New Results 

80 
Neutron Number 
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The low value for the B(E2) in 136Te is very surprising 

- Could it be due to low neutron pairing in N=84? 

- Energy of 2+levels is low 

132ye 2+ 134Te 136Te 
2+ O.2e2b2 T O.1e2b2 O.1e2l)2 

T 2+1279 
974 q:L -r 2n 

~ 606 
~ 

12~. ~ 

2v 7~_______.,,>2+ 606 

1 132sn2+ 1308n 1348n

T ~ 
4041 2+ 

1221 

~ 
-r 

~ 725 

~ 

N=80 N=82 N=84 

• B(E2) in 130Sn using pure Sn beam 

• Qo in 126Sn by reorientation 

• Odd-even and odd-odd nuclei 
• Could populate many levels not observed in beta decay 

• B(E2) of 2+ in 132Sn using pure Sn beam 

• Ex >4 MeV 
• Analog to 208Pb? 

• Use BaF array for high 7 efficiency (-600/0) 
• Use 28Si or 48Ti target and IIslightly unsafe" energy 

----.......... 1: 

90% 2v 
10% 21t 
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Selective Population of Hl,b-JOrbitals in Er Nuclei by Heavy-loa-Induced, Transfer 
P. D. Bond, J, Banette, C. Baktaah, C. E, Thorn, and A. J. lCrefJler 
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EXCITAT-ION ENERGY (MeV) 

FIG. 1. Expected relative cross sections for acJive 
single-particle levels as a function of excitation energy 
for the reactions 166Er(160 ISO) andt66Er(t2C He) cal

f • 	 • 

culated with the distorted-wave Born-approximation 
code PTOL EMY (Ref. 4). Unit spectroscopic factors 
were assumed for all,states .. 
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z. Phys. A322(1989)407 
(Decay of 135Sb) 

• Understand reaction mechanism 
.9Se(138SaJ8Se)139Ba with SIB 

• Particl&--y angular correlations 

• Sensitivity to j = I ± 1/2 by comparing different targets 

e.g. (13C,12C) VS. (98e,88e) 

• Sensitivity to multistep processes 

• Investigate eLI,'Se) proton pickup 

• Search for 1fS state in 1uSb 
'J2 

• Search for proton-hole states In 1311n 

• Long..term goal: (d,p), (sHe,d) etc. • spectroscopic factors 

• Pure Sn beams are very promismt, but 132Sn Intensity Is marginal 
• 	10 - 100 times more beam intensity would allow transfer reactions 

to all neighbors 

• 2-neutron transfer to 1348n? 
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Summary 


• 	 Feasibility of gamma spectroscopy with ISOL beams has been 
demonstrated. We have successfully performed: 


» Coulomb excitation 

)) Transfer reaction 

» Fusion reactions 


• 	 Some surprising results have been observed just beyond Sn·132 
• 	 Future directions: 

)j Quadrupole measurements 
» Single-particle states around doubly magic Ni-S6, Sn-l00 & Sn-132 nuclei 
') g-factors 
» Decay studies 
" Spectroscopic factors 

Measurements of interest to astrophysics 

• 	 We are exploring production of a-rich RIBs using electron beams @ 
ORELA, which will enhance beam iDteDSities by -100. 

• 	 We welcome users from all over the world. 
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Isomer ,-ray Spectroscopy of Neutron-rich Nuclei 

Produced by Deep-inelastic Collisions 


Tetsuro Ishii 

Advanced Science Research Center, Japan Atomic Energy Research Institute 

Email: ishii@popsvr.tokai.jaeri.go.jp 

Heavy-ion deep-inelastic collisions (DICs) open a new way to study nuclear structure of high
spin states in neutron-rich nuclei. However, it is difficult to measure in-beam ,-rays emitted 
from nuclei produced in DICs, because DICs yield a large number of nuclides. Therefore, it is 
important to use an apparatus to select a nuclide for measuring in-beam ,-rays through DICs. 
On the other hand, one may expect many isomers around closed shells. Thus, it is very useful 
to measure, rays from isomers to investigate nuclear structure near magic numbers. We have 
developed an instrument, isomer-scope [1], which selects nuclides by an atomic number and 
measures, rays emitting from isomers of projectile-like fragments (PLFs) produced in DICs. 

The isomer-scope consists of Si I1E-E detectors, a tungsten ,-ray shield, and Ge detectors. 
PLFs are detected by Si I1E-E detectors (four I1E detectors of 20 /-tm thickness and one annular
shape E detector of 100 mm outer diameter) placed near the grazing angle. Gamma rays emitted 
from PLFs stopped in the Si-E detector are measured with eight Ge detectors ( four of them 
are 60% efficiency and the others are about 30%) surrounding the Si-E detector. Prompt, rays 
emitted at the target position are absorbed by a tungsten block placed between the target and 
the Ge detectors. Flight time between the target and the Si detector is about 1.5 ns, and thus 
we can measure isomers with T1/ 2 > Ins. Taking the I1E-E-,(-,) coincidences, we can obtain 
,-ray spectra selected by each atomic number. Recently, we made I1E detectors by ourselves 
by choosing a Si wafer with good uniformity in thickness. The I1E resolution of these detectors 
is about twice as good as commercial ones. Using these I1E detectors, we can identify mass 
numbers from the I1E distribution obtained from ,-ray intensities. 

Experiments were carried out at the JAERI tandem booster facility, using 70Zn, 76Ge, 82Se 
beams of "'-'8MeV/nucleon and a 198pt target of 4.3 mg/cm2. We have observed many isomers in 
neutron-rich Ni region, and about ten new isomers were found until now [2, 3, 4, 5, 6]. In these 
isomers, the (VP~l2g~/2)8+ isomer was found in the semi doubly-magic nucleus ~~Ni40 and the 

level spectrum of 68Ni is found to be a similar structure to that of~Zr5o. In its neighboring nuclei 
~~,71CU40,42' we have found (7rP3/2vg~/2)19/2- isomers. The levels decaying from these isomers 
were predicted very accurately by a parameter-free shell model calculation using experimental 
levels as two-body residual interactions. Recently, we can assign several unknow ,-ray cascades 
to 68,70Cu and 67Ni by analyzing I1E distributions. We have also measured neutron-rich nuclei 
produced by 37CI beams, and verified nanosecond isomers in 32,33Si and 34p. 

References 

[1] T. Ishii et ai., Nucl. Instr. Meth. A 395, 210 (1997). 
[2] 1. Hossain et al., Phys. Rev. C 58, 1318 (1998). 
[3] T. Ishii et ai., Phys. Rev. Lett. 81, 4100 (1998). 
[4] A. Makisima et ai., Phys. Rev. C 59, R2331 (1999). 
[5] T. Ishii et ai., Phys. Rev. Lett. 84, 39 (2000). 
[6] M. Asai et ai., Phys. Rev C 62, 054313 (2000). 

-91

mailto:ishii@popsvr.tokai.jaeri.go.jp


, ~ < '. ' ~", • '. 

'::'::f~?<;:': .' 

Is.omet;y,l~~~<sp~£t.rosc.opy()fNeutron-rich Nuclei 

< Produce(l<'IMEQ~~p-inelastic Collisions 

.. ',' ,. C}.", 

~.~.'>;: ..:.'" > ' 

~t'[':·:>~>.· ";",\.:, " 

M. Asai, M. Matsuda, S. Ichikawa, P. Kleinheinz 
Japan Atomic Energy Research Institute 

A.Makishima 
National Defense Medical College 

1. Hossain, M.Ogawa 
Tokyo Institute ofTechnology 

-92



1. JAERI's activity ofy-ray spectroscopy 

2. y-ray spectroscopy through DIe 
heavy-ion deep-inelastic collisions 
Isomer-scope 

Mass determination.from LlE1 clistributions 
in-plane lout-of-plane anisotropy 

3. Nuclear structure of neutron-rich nuclei 
-2 2)8+ . · J bl· . 68,.T*(vp112 Vg9/2 Isomer In uOU y-maglc 1 vl40 

shell model calculation for (np3/2Vg9/22) 1912- isomers in 69,71 eu 
(Vg9/2-

2 )8+ isomers in N=48 nuclei 
nano-second isomers in 32,33S,34p 

4. Future plan 

~ ~ ~ ~ 0 

(n/I\e.,d N031JnN I A9M3N3 
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Neutron 

66 

65 

64 

63 

62 


61 


60 


59 


58 


57 

Proj,on 

fission of 23SU at aSI. 

isotope
number 

92 94 96 98 100 102 

Dy 158 159 160 , 161 162 163 164 
144.4d 

157 159 160 161 162 163 
Synthsized by 

Tb mufti-nucleon 
99y 72.3 d 6.88 d 1.60m 19.5m 3.0m transfer reaction 

iGd 
156 157 158 159 160 161 162 ! 163 164 ~tGSland LBL 

8.479h 3.66 m 804m 685 

155 156 157 , 158 159 160 161 162
Ell 4.961 Y 15.19 d 15.18 h 45.9m 18.1 m 38 s 26$ 10.65 

Sm 154 155 156 157 158 159 160 
223m 9.411 432$ 5.30m 11.31& ! 

Pm 153 155 156 157 
5.4m 26.10 s 10.56 s 4.85 

Nd 152 155 156 
llAm 

Symbol 

Pr 151 160 Mass number 
18.90 s ' 3.24 s Half-life 

Ce 150 151 
4.0 s 1.02 s 

La 149 150 
1.05 s (1.1 s 

Chemical ized by projectile
numher symbol 

The new limits of the nuclide chart on the neutron-rich lanthanide side. 
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Isomers 
• plentiful physics 
• many isomers near the magic numbers 

Isomer-scope T Ishii et al.. iVlAI A395(1997j21 0 
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PLF emits near (slightly smaller) grazing angle 

Heavy-ion deep-inelastic collisions 
• produce neutron-rich nuclei 

- PLF is apt to neutron-rich; (N/Z)Projectile < (N/Z) Target 

• induce high angular momentum 
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~MeV/A energy dump ~ l
multinucleon transfer n "I 

Difficulty in in-beam y-ray spectrocopy 
• many differnt nuclei are produced 
• wide scattering angle, high recoil velocity 
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r-ray spectra measured with the J.somer-scope 
76Ge(8MeVIA)+ 198pt 

20000~--------__--~~__~__~~~~__~ 
67

2l 

U 

Cu
61 0 tPCfJ 
I 

15000 

o 64Cu 
6 

66Cu 
o 69CU 

67CU 

511 

61CU 

61Cu 

I 
g10000 

400 600 1000 
Gamma-ray Energy (keV) 

A1. Asai et al. ,PRe' 62 (2000) 054313 

'Y-ray spectra 
AE-E-y-(y), tPLF-y= 20-100 ns 
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In-plane/Out-of-plane anisotropy
Decay scheme of the 8+ isomer in 68Ni 
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(Vg9122 7r]J3/2)19/2- isomer decay in 7leu 
and j]'-type isomers 
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Comparison with a shell model calculation 

core: 68Ni 
two body residual interactions: energy levels in 7<Ni and 70Cu 

70N
28 142 

2 ' 
vg9/2 

Eo=3000"70 

'fOe 
29 U41 


vg9/21TP3/2 

Eo=740170 

506 
 - S.M. 
-Exp. 

Af"s=77keV ~ 
19/2 I 


T.lshii et al.. PRL 81 (1998) 4100 


!1/2 >O.4ns 6.6(4) ns 

B(El) <3W.u. O.56(3)W.u. (Vg~2)8+isomers in N 48
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2.28($)W.u.8+ 

0.45(3)# s . L32~3)P S 112~5)# s 
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80Ge. 82Se: A. l,,;fakishima et al., PRe 59(1999)R233I 

;~n: J.M Daugas etal., PLB 476(2000)213 
Sr: M Ishihara et aZ" PL 35B(1971)398 
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Isomer Spectroscopy 
with DIe and Isomer-scope 

N8 

Z8 

N 20 

Isomers observed 

N-28 

N=19 .Isomers 
B(.Vl2) [JJlijin4] = 0.83 7-0.9 1.61 2.06 1.08 

0.05 .. 0.11 w.u. Xd312Vhl2 

1tSlI2V/712 


1.61 liS 

0.3 ..... 2.5 ns vhl2 5" 2518 
4" 

Vhl2 

10.2 ns 

1178 

7/2' 1435 
M2 

957 

734 M2 1435 
2+ 

0 3/2+ 0 
fl

2305 1.02 ns 

712" 

1876 

M2 

429 

o 31t· 

-104

1991 

M2 

1991 

3+ 

2+0 

vhl2 

4.37 ns 

1730 71Z 1611 

M2 1611 
788 

3/2+0 0 
32A1 33Si 34p 35S 36Cl 37Ar 




Summary 

@ IS'orner-scope [y-shield+ Si(L\E-E) + Ge], 
has great sensitivity for ns-isomers produced in DIC. 

• 	 Mass numbers can be also determined from Lill. 

.. 	 In-plane to out-of-.plane ratios are usefill to determine 
y-ray multipolarities. 

@ 	Several new isomers were found in neutron-rich Ni .
regIon. 

~ (Vg9/22vpl/2-2)8+ isomer in the doubly-magic 68Ni40 

similar structure to 9040Zr ; eef((lf;912)=1.5(1)e 
~ (n P3/2vg9/22)19/2- isomers in 69.71C140,42 

Sheilinodel calculation using experirnentallevels 
as residual interactions has a predictive powerforj~'-type 
isomer decay_ 

-2) 8+ . . 8°0 d 828• 	 (Vg9/2 Isomers In e48 an e48 
76Ni48 would have 8+ isomers to be detected 

by projectile fragmentation techniques. 

@ 	Missing 8+ Ils-isomer in 72Ni may suggests something 
interesting happens in neutron-rich Ni. 

© 	Several isomers were observed in N=20 region 
using 37Cl beams 

M2 isomeric transitions originated from /712 to d312 
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Future plan 

1. y-ray measurements above isomers 
.6.E-E- y(isomer~) - y(isomert) 

2. 	 isomer y-rays around 48Ca region 

3. development of better i.\.E Si detectors 
aiming at the resolution of 1.5% 

(at the moment 3.5%) 

4. in-beam y-ray (prompt r-ray) measurements 
Si-PSD 	 (A9-2° ,Ll<l>=10° ) 

or another position detectors 
and y-ray tracking array 
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Gamma-ray spectroscopy of exotic nuclei at GANIL 

G. de Francel 

1 GANIL, BP 55027 

F-14076 CAEN CEDEX 5, FRANCE. 


Nuclear structure studies of very exotic nuclei have already started in the several 
laboratories where radioactive species are produced via fragmentation of the projec
tile. This is the case at GANIL where many results have been obtained these last 
years using this production mechanism for both neutron rich and neutron deficient 
nuclei. Examples will be shown for nuclei around the closed shells and in particular 
in the N Z Kr isotopes as well as in the case of lighter Ni. f'V 

These examples represent an excellent opportunity to go toward radioactive 
beams and to have a better estimate of their perspectives. New species will be 
made available as beams but with a reduced intensity as compared to what we are 
used to with stable beams and other constraints directly related to the radioactive 
nature of the beams. Possible realistic startup experiments will be discussed in 
view of these conflicting possibilities. New spectrometers (recoil, gamma and elec
tron) have been or are presently being designed to handle the various constraints. 
The EXOGAM gamma-ray array is one of these. This setup will be described in 
more details and future plans related to gamma-ray spectroscopy at GANIL will be 
discussed. 
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10 

y-ray spectroscopy of exotic nuclei at 

GANIL 


G. de France, GANIL 

- Exotic nuclei via -EXOGAM 
fragmentation 

- Shell closures 


- Isomers 

- Shape coexistence 

- Island of inversion 


- First SPIRAL experiment -EXOGAM+VAMOS 

Results at GANIL 

• rtfM n(.;c!ei 
g:l new isomers 

moss meaS1Jfernenls 
o half-fife rneosurernems 

cr ~ measurements 

~. ~ ~ •. ~.~." A M ro ~ .. ~ 
Neutron number, N 

Magic Elements 

• Heaviest N=Z doubly magic 
C stable vs particle emission 

en •properties of p..rich elements; 
g mass models· . ,.. 

• Mapping the p-drip line; rp
prooess 

Largest Tz value (-4) • 
Mirror nuclei stable vs particle emission 

(symmetry studies) 

3 doubly magic Ni (48, 56,78) 

Candidate for 2p emission from g.s.
• 

.- • R-process 

Z • Properties of n-rich 
(X) 
,..... nuclei; mass models 

• A1Z ratio·= 2.79 
45Fe 
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Production Technique 


Collection
• Production 

w...... Separation
fe SC Solenoids t In-flight 

dentification 

• Flight Path: 118m 

M. Lewitowicz et al, PLB 332(1994) 20 

The identification 


l. Blanketal. PRL 84(2000) 1116 

f4aNi 49Ni 45Fe 42Cr I 
4±2 100±22 53±9 287±30;!#01 counts 

Trans. (Ok) 9.8±1.2 6.9±1.6 6.7±O.3 O.7±O.6il 

cr (pb) O.O5±O.02 1.8±0.6 O.9±O.2 47~285~' 
.,. .... ,.. , ".""."., 
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*' 
'V + 

0.6 10 15 2.1i 2.6 3.1i 3.1i 4.0 
Q value Q2p (MeV} 

Then: 
T1/2  2.6 +00, -2.1 jJ.S 

lower limit at 1cr level: 
T1/2  O.5,J.l s 
i.e. Q2P -1.5 MeV 

~ 
!Ii 
ill 

:n 
3l 

~ 

)l-seconds isomers and magicity 

I'l'EQU'ed 

m EMt:B'mtor 
IWN ISQlllf' 

Isomers 

-~/value 
-Spin-orbit term 
-Persistance of 

shell gaps 

Residual interactions and 
nucleon effective charge: 

around closed shells~·pure transitions 

48Ni and test of the models 

• 48Ni calc. Particle unstable by all common models 
• Even Z nucleus: 2p emission favored/1 p 
• 	~p values: from <1 MeV to > 3 ·MeV (T112 : 10-14 to 1 s!) 

Assuming: 
• No in-flight decay of 49Ni 
• cr (49Ni)/cr (48Ni) - 26• "Ni 
-Spectroscopic factor =1•+ 
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E(2+) ~ 
__ 1:(2+1 .. 
__!(1.+' N::4& 

... E reZn 

Isomers around the Z=28 gap 

86Kr34+ @ 60.5 MeV/A+Ni nat 

78 Zn CSS2 

.Iii . 
§,0'} 
e i 
~ I . 
wi

L.............;...... 
1000 2000 

time (DSJ 

200 400 600 800 1000 

EyfkcV] 

J.M. Daugas etal, PLS 476 (2000) 

213 


Z, N=48 
36 38 36 3. 32 30 2& 


CIl 

_f(2~ In:"lIW 

= 
 1400 
 --5 200
:> 1200
:~ 
CII 
:t 

• 1000 


i
tOO i.ir 800 


600 


38 40 42 44 48 48 SO 


H, Z=const. 

Jl-second isomers and SM 

calculations 


Ex (keV) 

3000 

2000 

1000 

o 

vg ..2 

9/2 

8M oa.lo. + realistic 
interaction (Sinatkas et a/.. ) 

Spectrum OK with O.Se as 
polarization charge (p and n) 

8(E2:8+ -+ 6+) =1.21 (S) Wu 
=1.06 (Calc.) 
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f.1-second isomers and symmetries 

« Valence mirror nuclei »: 

p-holes at N=50 \ n at N=28z=so 

"Except: 
.... AIZ 

Z=48 .... No overlap between nandp w.fatZ=28 (no p;.n interaction) 

:> 8+ isomer in 98ed associated to N=50 gap 
:> 76Ni = 2p-holes in 78Z" 

:NI.. Z=28 
"~J~."."."....•.!.~".~..~.....L_·..,,..·..,..i~.... 

R. Grzywaczetal. PRL 81 (1998) 766 
M. GOrska stal. PRL 79 (1997) 2415 Persistance ofZ=28 gap 

Shape coexistence and magicity 

A=70-80 various shell gaps available 

'" rl:26 . l'll11:.l9 (If('JIatO 

itO") t, 1\1><>«)( pr~,~;~<) 

f>2 'mm ()HH)1 . ~ 

NEUTRON NtJME!(R 

Krisotopes: best candidatesF
) 

HF+8CS 
Nilsson- Equ. Oef. 

Strutinsky+BCS' OK 
HFB 

From R. BsngtssDni Nuclear Structure ofthe ZrRegion;
Springer (1985) 17 But: E*ofshape coex. States depends on pairing 
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Shape coexistence 

* Energy of low lying states and 8(E2)'s : -- OK
* But level scheme not a rigid rotor: perturbation from 

shape coexisting states??
*Further evidence for shape coexistence: low-lying 0+ 

states (related to large change of nuclear radius) 

Experimentally: 2 main sources of information: 

Conversione- spectroscopy (EO) 

Coulomb excitation (E2) 


Isomers and shape coexistence 


Ge de1eciors 

Electron de1ec1or SI (U) 

78Kr beam @ 73MeV/A 

First: recoi I-e--rexperiment 

Identification via L\ElToF 

Implantation in Kaptonfoil 

Veto detector to reduce 
background 

-113



Isomers and shape coexistence 
Results 74-Kr Confirmation of shape 

fISOOo ,.....-------,.
coexistence in 74Kr 
c. Chandleretal. PRC 56 (1997)98 
F. 8Bckerstal. EPJA4 (1999) 103 

(2+) 

(2+) T 
I 1233 

694 I 

2+ ~~ 0+II
I /
1456 /506, /' 

O+~ 

1"Kr 

E2 

1:10 

100 

EO 

Il') 

.. 

II m~1 ! -I I -I
i~ b 1.0 1.0 
L'!":'...~_•......•.•_.::._._...... _ •..._.__ ~••... _ ..._._.•. _ ........__ 


1·_······································_·_········_··-····y···I···~r·-·J··ri·1 ~ ~ ~ 


~ ~I i~I~1 1-11; ~~ 
~ ~ b • I + ! .=- 11" 11" 

.................................n i I; > > 

, ~it -= " bO \0 . .: ~ ~ 

)( ""II ~

"e II II 
-. .........
"if "'0 Q.C 0CD d 

..c t t 
c-tc: ..................
~ W W 

-114



I ..... ..... 
C.11 

I 

-

Counts 

~ 

"'"o 

i6 
___ ._._._.______•..........i 

m~ 
o :r 

i 

CJ) 

o 
3 
CD., 
m 
:s 

.~----------------~ 


? 't .. ~ t~ 1 ~00 .....~ .....--~ ...--... ;;:; ris I... _._.- -_._-.

~~jCl' 

'? 

en 
:T 

Z .- 
II en Z m
N 00 -c 

CD~ ~i 
.... .,~. n 

...s::~ ,~" """ o
., ~ CD 
m ~ x_.cr0_ c.,to 

CJ)a ~ r+to t/J 
(Q :r CD 
• 1\) ::::s!'h ~ to C) 

(1) 

EO, strength -between tnix(~d stllt(!S of 

different deformation: 


IlIt, >= 1131 > + 1P2 > 

lti, >= 1P2 >- 1131 > 

=> p2(EO) = (!!)2 

2(1 ('o.~2el 131- Pi 12 


IPezp(EO) 1= (T ·n (1 + i(O a)IK{E2)))-i 
, IK(EO) 

Z = 36 ~Ei/ = 0.5 MeV => n '= 0.282 ns-1 

T = 20(9) ns Decay branching: 0.5<:~~~~~<100 
:} 0.03 < IPe:tp(EO) I <0.5 

PI ~ 0.35' 

=> 0.14 < P2 < 0.34 

'Xi~;t('IH't' of t'\VO 



Shape coexistence and test of the 
models 

Avoid nuclear interaction and keep only electromagnetic part 

Incident energy « Coulomb barrier 


Coulex (large 0') +~decay 


Matrix elements: 0' (Coulex2'.) 


(J (2+) =f(Qo) 


Close lying collective state~iC!!;JJ!nge In B(E2)~ can have 
similar effects .. several targetslllldscattering angle 
dependence of (j (2+) 

Island of inversion 


1. Mass measurements (82n) 
... shell closures 

2. E(2+) and 8(E2:2+ "'0+) 
... deformation 

3. Higher lying excited states 
-+ collectivity 

1. Fragmentation of the projectile 
(~8srrazjn(!Jtsl. ) 

2. Fragmentation + Coulomb 
excitationlM~.J.~0J:'ez-Jimenez, M.. 
Belleguic etal ); Fragmeo~tion + 
i.nelastic (p and nuclear) 
scattering 

3. Coulomb excitation; double 
fragmentation 
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Known masses = Calibration 

The unknown masses are deduced 
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IResolution: 
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~tIt = x.1 o· 4 

Final Precision: 

1100k~v 1MeV --:-1 
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3 .. Results &Theoretical considerations 


• Pmv Mar (dm<l MeV) 

o New mass (l<dla<l MeV) 

14 

Magicity far from stability? 

12 14 16 18 20 


_10 .r4> 

b2 9 t!,
10(3.5 .. Si

'! . ttlzs • 
N 

,.rn ' 

7 i . -.- • 

3 

2.5 

2 

1.5 

oMg 

~.6 

S 

4 -Na 
3 uMg . 
2 o~" 

• Change of nuclei • Weak excitation energy • Strong probability E2 

mass slope at N=20 of 2+ level 2+ -+ 0+ transition 
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Island of inversion 


lp-ZhGap Large Scale Shell Model 

6.0 

5.0 

4.0 

G--E)O 
G-ElF 
<3--~Ne 


'9'---~Na 

0.0 ~~-Me------~----1iN'~---'---f 

i?:;---e.AI 

-t.O <~JSi 

calculations 

Energy difference 
between 
intruder/deformed and 
normal/spherical states 

N=20 magic gap 
disappear for Mg,AI. Si 

E.. Caurier, priv. Comm. 

"Chatea.u de Cristal" 

'1 

23501 " 
1 I : t 'It;i. j~ 

1300~-'''''-''''''500--'''''''Tooo'''''''''''''i?'oo''''':' "woo-'-"'''isoo ·····..··....3000 
X position 

SPEG at GANIL 
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a Mg 

I 

t.,.,....J ... ~, •.••l ..."'~.J_"'-d.~... U ..._."l..........,J.~......~ 
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N 


~J!!OOr 885 keV 2" '1 

Ak;\A 

i, 

1\ 
2+ 

[ 
0+ 

3i 
Mg 

• E(4~ )V ~brator(J.) < E(2.· = 2.6 ~Rotator(1 

~ 

~ 

,J \ ? 

,It'l!1 ,~A_~'.'~'.'.~'.':~". 

BaF2 f4.keV) 

E,fkeVIW) B.f,keV) 

The 1430 keY detected transition is in coincidence with 
the 885 keY 



32Mg puzzle ... 


• from Pdecay (Klotz et al.)+ 
shell model: 32Na 9.s. is 3
or 4-; decay to positive 
parity state forbidden but 
feeding is weak (log(ft)=5.4): 

3+,3-,4+ possible 

• Fragmentation reactions 
seem to favor 4+ ( De Jong 
cales.) 

• 	 Inelastic 285i scattering 
and DWBA calcs.: 4+ 
state would be a double 
step process'" very weak 
population (much weaker 
that what is observed): 
0'(4+)/0'(2+) -1/20 (rot. or 
vib.) 

EXOGAM 

A Gamma Ray Spectrometer for Exotic Beams 
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p acceptance ± 5% ± 10% 

acceptance 100 msr 53 msr 

max. rigidity 1.6 Tm @ 100msr 1.8Tm 
2.3 Tm @ 42msr 

1st ord. res. power 1000 5400 
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Superdeformation in the doubly magic nucleus ~~Ca20 

E. Ideguchi l ,2, D.G. Sarantites2, W. RevioP, M. Devlin2, C. Baktash3, A.V. Afanasjev4,5,6, 
D. Rudolph7, A. Axelsson8

, M.P. Carpenter\ A. Galindo-Uribarri3, R.V.F Janssens\ 
D.R. LaFosse9, T. Lauritsen\ F. Lerma2, C.J. Lister\ P. Reiter\ D. Seweryniak\ 
M. Weiszflog8 

, and J.N. Wilson2 
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8The Svedberg Laboratory and Department of Radiation Science, Uppsala University, 

S-75121 Uppsala, Sweden. 
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The study of superdeformed rotational bands in atomic nuclei has been a major ex
perimental and theoretical efforts in the past 15 years. The occurrence of these bands is 
the manifestation of large shell gaps at a 2:1 axis ratio of the deformed shape for specific 
particle numbers. With the aid of the the large sensitivity obtained by combining the lat 
est generation of ,-ray spectrometer with charged particle detectors, study of high-spin 
states in light mass nuclei become available. The attention in this field has been shifted 
from the "traditional" mass regions of superdeformation, 80, 150 and 190, to the lighter 
nuclei. This trend was initiated by the recent discovery of superdeformation in mass 60 
region [1]. And more recently, an observation of a superdeformed band was reported in 
36Ar [2]. In the spectroscopic investigation of Z~20 nuclei with the GAMMASPHERE 
spectrometer [3], a rotational band with 7 ,-ray transitions between spin 2 and 16 has 
been observed in the doubly magic nucleus 40Ca. The measured transition quadrupole 
moment of the band indicates a superdeformed shape and more elongated than in the 
neighboring superdeformed nuclei. The features of this band and a second newly ob
served structure are described by cranked relativistic mean-field calculations [4]. 
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Superdeformation • 

2:1 axis ratio of the deformed shape 
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Fixed configuration deformed Hartree-Fock calculation 
D.C. Zheng, 1. Zamick, D. Berdichevsky : PRC42(1990)1004 
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Anauiar Momentum J 

IPercentage of wa_functions in 'DCa I 
W.J.Gerace and A.M.Green, NPA123, 241 (1969). 

State E(exp) Op-Oh 2p;2h 4p-4h 6p-6h 8p;..8h 


ot 0 82.81 16.81 1.0 0.04 0.0 


ot '3.35 2.89 2.25 ~. 20.25 6.76 


ot 5.21 1.0 2.25 lI[ID) 12.25 @.2D 

Shell Model by M.Sakakura, A.Arima, T.Sebe, PL61B, 335(1976). 

State E(exp) Op-Oh 2p-2h 4p-4h 6p-6h 8p-Sh, 

Or 0 46.46 35.04 14.48 3.56 0.46 

0; 3.35 25.71 2.24 @[!V 29.93 

,oj 5.21 15.07 20.49 12.27 
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IThe experiment I 
Reaction: 20Ne + 28Si -t 20 + 40Ca 

ATLAS aceelerator at the Argonne National Laboratory 

Beam: 20Ne 84 MeV (80 MeV after Ta foil) 


Target: 0.45 mg/cm2 28Si on 1.0 ITlg/cm2 Ta supporting foil 

Detectors: Gammasphere (101 Ge) 


+ Mieroball (95 CsI(Tl)) 

€(proton) = 60%, e(cr) = 4 
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1 
IResidual Doppler shift measurement to extract life time I 

The fractional Doppler shift F(T) is defined as 

(1) 

Vi : the average velocity at the point of recoil formation in the target 

VSD : th~ velocity of the recoil nucleus at the time of gamma decay 

T : time from recoil formation to decay 

The measured F(T) value -:-t compared with calculated values based 

on the known stopping powers 

Side-feeding was modeled in accordance with the experimental 

intensity profile. 
A cascade of two transitions feeding into each SD states was assumed. 
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IResidual Doppler shift measurementI 
T40Ca~.oo band1
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Consistency check : scaled J{1
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d h been found in 40Cad b• A discrete-line superdeforme an as 

• A normal deformed band (band 2) 

• Linking transitions to band 2 and ground state 

+039 eb tL 0 59+0.11 
• Large Qt value, 1.80_0:29 ' jJ"/, = . -0.07 

• CRMF calculations (more coming) 

• Shell Model Calculations (in progress) 

ICollaborationI 
E. Ideguchil, D.G. Sarantites1 , W. Revioll) M. Devlin!, F. Lerrna1

, 

J.N. Wilsonl , C. Baktash2 
, A. Galindo-Uribarri2 A.V. Afanasjev3 

D. Rudolph4 D.R. LaFosse5 ) M.P. CarpenterS, R.V.F Janssens6 
, 

T. Lauritsen6
, C.J. ListerS, P. Reiter6

, D. Seweryniak6
, A. Axelsson7

, 

M. Weiszfiog7 

1 .. Washington University 

2. Oak Ridge National Laboratory 

3. University of Notre Dame 

4. Lund University 

5. SUNY-Stony Brook 


6 .. Argonne National Laboratory 


7. Uppsala University 
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Pulse-shape analysis of eNS segmented Ge detector 

Meiko Kurokawa 

eNS, University of Tokyo 
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Pulse Shape Analysis of 
eNS- Segmented Ge Detector 

M. Kurokawa, s. Shimoura, H. Iwasaki, H. Babaa ) , 

H. Murakamia ) and H. Sakai 

eNS, University of Tokyo 

a) Rikkyo University 


method to extract the interaction position 
and some experimental data will be introduced 

a Ge Detector 
cylindrical shape: r = 3.5 em, z = 2.0 em 
eEfective radius: r = 3.0 em 

segment size: < 2.03 cm3 


tow detectors are encapsulated(high voltaed 
surfaces face each other) 

-> total siganl = ~segment 
planar type -> pararell electric field in the 

effective volume 
-> easier to simulate the movement of 

charge carriers (electron and hole) 
2 

'tS 
M 
G) ...... 'W 

0 ..... 
J..f 

\0 +J 
0 
GJ 

r-l 2000 V
tV 

a 
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Pulse Shape Simulation 

important to decide the method for the extraction 
of interact position 

step for the simulation 

1.evaluation of amount of induced charge 


on a segment, when a carrier is 

at position (r' 1 ~', Z'). 


"--- 1 

(r' , <1f , z')
• 

2.obtain the position of a carrier z' , 
as the function of the time 

3.RC integration with time constant of 
preamplifier 

Step 1 

electro magnetic problem in cylindrical coordinate 
system 
Ref.} Jackson 

(r, ~, 0) 
~ 1---'" 

[II' Iu(p, tfo) = ~ """---- 1 _______ 

_ 1 (00 Jo(1::n p)Jo(Z:n I) sinhC':" (L - i») 
(r' , <1>', z') 

1I"a2 ~ (J1(XOn))2 sinh(%:' L) • 
00 00 

+ 2 L L co..,(m(4> - cf/) 
m=ln:=l 

Then, integration over the area of a segment 
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Step 2 
parameters must be fixed 

ve = f.leE (z) 

v h = JlhE (z) 

Jle (Jlh) :mobility of electron (hole) 

E(Z): depend on the impurity density p 

hig-herp
E 

when ve or vh is near to their o z 

saturation velocity VSI linearity will still be 
maintained ? , 
decided from observed signals obtained b~ 
collimated source 

Experimental Set up 

x and y position is not selected 

ou pu s1gna s rom 
the Gel preamplifier are recorded 

Gel 5 
,. * -, 

· ·•· · · I 

I 

120m 

1 
E2 Ge2_4+5+6 

+Ge3 4+5+6 

Phi: collimation of z direction 
moved by 2mmstep 

Pb2: selection of single hit event 
together wi th El and E2 gate 
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Output Signals from the Preamplifiers 

1.00 

0.75 

0.50 

0.25

o.00 lfIIf..+"+.-I-f.+.j~.+++-++iIIi4-i-+-+-++-I"""""'--++-t-+-+-!~+-!-

1.00 

Experimf:..'nl 

Time (ns) 

Decision of Parameters 
Rise time is strongly correlated with interaction 
depth z, but not with x and y as expected. 
z=O-2: only the movement of electron is reflected 
z=18-20:only the movement of hole is reflected 

14-----,=----1 Z=Oe 

1-----..... Z=20 

H.V. 

electron 	i.s faster than hole, though J.!e < Ilh. 

ve = ~eE(z>, until reaches the Vs 

v h = ~hE (z) 1(1 + Jl.hE (z) /vs> 
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Comparison of Experimental Data and 
Simulation 

....lin~nt 

tilp"rity density 
..> 0.9 X 10A l0(ca-3 ) 

-~ :a 

! 
i>. 

t,OO 

Simulation 

Time (ns) 

Method to Extract Interaction 

Samakinds of pul•• shape analysi. 

such as Ttotal - 'Is' analysis are examined 

based on 1;he simulated output signals from the 

preamplifier. 


aquirem.ent on the method: 
distinguish pulse. with the same rise time but wi 
differe~t, shape 

second deliver,tiva is appropriate 
to ex~act tha time where pulse 
changes most drastically 

time 


cR2-ac4 method with 't = SOns 
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500 

0.2 

0.0 

. -0.2 
~ 0.4 F--+-+-t-+-f-t--+-i-t-+-i-+-+-+++-+-+--t--+.......t-+-+-+--+--=1 

- 

o 
> 

0.2 

-0.2 

o 1000 

Example. of CR2-RC4 Shaped Signals 


are picked up 

z:O-lOiDm in lr 
'step 

--z:11-20111D in 
1mm. step 

Time (nS) 

Zero Cross Timings 
6Hr-~~~~--~~--~--~~~~ 

Arain= 4 ns 

(p,cp) or (x,y) will be 
obtained from 
transient signals 
of neiqhbour segments 

there is x = y reg-ion 

z=o * 

---, .: -- --.:- .... 
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1:2 Ge2 
+Ge3 --

4+5+6 
4+5+6 

Bxperim~ntal 

22Jla 

GalS 
r"··••·•· , 
· • 

1275 'keV -
-
-
-
-
-
-
-
-
-
-

Experimental Results 
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S'Ununary ~nd Future Plan 
Method to simulate the output signal from 
preamplifiers was established . Bas~d on the 
s~ulation, CR2-RC4 shaping was amplyed to extract 
the interaction position. The experimental 
confir.mation is nov go~n9 on. From very preliminaly 
results, position resolution of 1mm is expected to. be 
achieved. 

we have to take into acount the evant with more 
than two interaction points.The effect wi11 be 
stud:i ad experimantally and by usiriq the 
GaNl'1'4 simulation coda .. 
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Hyperball and a new frontier in hypernuclear physics 

H. Tamura 

Department of Physics, Tohoku University, Sendai 980-8578, Japan 

Recently, we constructed "Hyperball", a large Ge detector array, dedicated to hyper
nuclear I spectroscopy and started a series of experiments [1]. 

Ge detectors were not available before for hypernuclear experiments because of too 
high energy deposit rates caused by scattered and halo particles in high energy meson 
beams. We solved the problem by using special fast electronics, low-gain transistor-reset 
preamplifiers and gated-integrator-type amplifiers. Hyperball consists of 14 sets of Ge 
detectors (60% relative efficiency for each) and the total photo-peak efficiency is about 
3% at 1 MeV. Each Ge detector is surrounded by BGO counters, which are used not only 
for Compton suppression but for rejection of serious background of high energy photons 
from 1r

0. Performance of the Ge detectors is always monitored during the beam time with 
a monitoring system using triggerable 60CO sources. 

By using Hyperball, structure of light hypernuclei has been investigated in detail. 
We revealed the level structure of lLi by observing 4 transitions [2]. The B(E2) of lLi 
(5/2+-41/2+) was measured with Doppler shift attenuation method. It is found to be 
1/3 of the corresponding B(E2) of the core nucleus 6Li (3+-41+), which is an evidence 
of the "hypernuclear shrinking effect" [3]. From the energy spacing of the ground state 
doublet of l Li, the strength of the spin-spin interaction between a A and a nucleon was 
determined [2]. 

In ~Be, we succeeded in observing a typical "hypernuclear fine structure"; we resolved 
doublet states (5/2+ ,3/2+) split by only 31.4~~:~ keV, by observing two E2 transitions 
going to the ground state (5/2+-41/2+, 3/2+-41/2+) separately [4]. The small spacing 
of the doublet indicates a very small spin-orbit force of A, which cannot be explained by 
present meson-exchange models of baryon-baryon interactions. 

We are currently studying ~60 and lOB at BNL. From a fine structure in ~60 we will 
be able to extract the strength of the AN tensor force. 

References 
[1] H. Tamura, Nucl. Phys. A639 (1998) 83c. 
[2] H. Tamura et al., Phys. Rev. Lett. 84 (2000) 5963. 
[3] K. Tanida et al., Phys. Rev. Lett. 86 (2001) 1982. 
[4] H. Akikawa et al, Nucl. Phys. A 691 (2001) 134c; submitted to Phys. Rev. Lett. 
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Spectroscopy ofA Hypernuclei 
..

With magnetic y with Ge detectors 
spectrometers 1970 extremely difficult before 

Energy Resolution 

(K-,1t-), (1t+,K+) SKS 
~ 1.5 MeV FWHM 2 keY for bound states 

(e,e'K+) 0.6 MeV Hyperball 1998

Physics Interests 

Major shell structure A 
SA' PAl dA, fA'·· -> Vo 

Core excited states 
11C* x SA 

Hypernuclear Fine Structure 
..> AN spin-dependent 

(spin-spin, LS, tensor) interactions 

B(E2), 8(M1) 
sl1'rinking effect, 9A in nucleus 
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e~hy difficult? 
• High energy-deposit-rate 	 problem 


High energy meson beams (-1 GeV/c Klx) 


beam halo due to meson decays 
(K-'-+ J..1-v /1t-1t0, 1t+ ---10 fl+V) 

thick target ( #ow 10 g/cm2) -> scattered particles 

=> Typical energy rate of one Ge detector 6 
(15cm from targ.et, 4x10 1t+Isec) 

- 50 MeV (penetration) x 20 kHz =1 leV Isec 

» Operation limit of normal Ge detectors 

- several 10 GeV I sec (several 10 kHz x 1 MeV) 

• Very small 	y-ray yields 


dO'/dQ ... i\O" Nbeam .. Ntarget .. aGe 


< 10J,Lb/sr'" 50msr * O.5x106/s ... 6x1023 .. 10-3 


- 1 event I day I detector 

=> Introduce special fast electronics 

Need a large Ge array (and Install Ge's as close as 

possible to the target) 

_Past experiments (1960's-1995) 

Only 5 transitions, All by Nal counters. Low statistics 

A textbook example of 
single-particle states of A 

89y (1t+,K+) 89AY 
250 f" 	 ......9A ······1 __.".W dO' 

K,EK E369 (SKS) fA 
200 

>
Q)

:2: 150 
IJ.") 
N o 
........... 
(J) 100 ....... 

c:: 
::J 
o 
U 

50 

o
-30 

I 

AE = 1.64 MeV (FWHM) 

dA 

SA 

·25 ..20 

SA (MeV) 

Jj-T~pq~1!t$-*:!iTtm_(~~~~) fJ~ 
Jit.tL L1:" L' QM~ 
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e Requirements in Hyperball Design > 

.. Should works (dead time < 50% ) 

under energy rate up to 1 TeVis 

counting rate up to 100 kHz 
t 

.. 	 Wide energy range of interest: 0.07 - 6 MeV (11MeV) 

• Both of C!oppler shifted lines ( E(M1»O.3M~V, l~cosOI < 0.05) 

and unshifted lines (E(M1 )<0.3MeV; E(E2)<3MeV) 

-> good energy resolution and granuality 

.. High accidental rate -> good time resolution, plleup,rejectlon 

• High radiation damage by x±and n -> easily annealed 

.. Serious background (nO, h.e.charged particles, compton) 

-> suppression by counters (BGO) 

.. 	 Critical operating condition for deadtlme, resolution, 

during a long beam time (>1 month) damage, etc. 

•> Goog monitoring system 

And covers maximum solid angle within a limited budget 

On the other hand, 
• Multiplicity low ..• a few I'S + a few particles 
• Easy trigger .... by (K-,1t-) or (n"+,K+) reactions 



Hyperball 

N-type Ge detector (rel.eff.60%) wI fast electronics 
+ BGO counters for Compton/no suppression 

x14 
QGe-15 -25 % 

Photo-peak Efficiency ofHyperball 

OHlO 

O,O?f) 

E930 setup 

point source 

~ 
c:: 
Q) 

'0 

IE

W 

~ 
::::J

I 
~ 

C) ~ ,r.,.. «
I 

Ey (keY) 

In-beam performance in KEK E419 
[Count rate - 20-60 kHz, Energy rate -OATeY/sec] 

*Resolution -3 keV at 1.33 MeV 
*Deadtime .... 30-50% 
"'Peak shift < 1 keV 
·Slight radiation damage in one month:,run 

eGe detectors 

• Coaxial HP Ge, N-type) unsegmented 

re.l.eff.60% (-70 mm x 70 mm.). ' 

4 Eurisys + 10 ORTEC 

• AE< 2.2 keV at 1.33MeV 

• Barrel form (not a "ball") 

10 -- 15 em from beamline (changeable) 


£peak =2.2 - 3.6 % at1 MeV 


n ~ 15 -25% 


• Annealing kit (heater.and thermometer) 

• LN2 filled by an automatic supplyer (1-2 times lday) 

http:re.l.eff.60
http:rel.eff.60
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0) 
U1 
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e BGO counters 

--- Background in Ge spectrum -

• Compton 
• nO (A~n1tO ) 

high-energy charged particles (x, fJ., p) 

"n, n-induced r 

) can be rejected 
with BGO counters 

-  Structure-
" rather thin BGO (19 mm t x 150 mm Q (made in China) 
" wide opening 

-..- Performances --
• AE -., 20-250/0 FWHM at 662 keV 

"At -.., 6ns FWHM at 1 MeV (discrLthres. < 1 photon p.h. ) 

• Suppression Factor> 3 for \ ---1 MeV"( Compon 


> 10 for high-energy "( from nO 


_Readout electronics 

"Low-galn Transistor Reset Preamp. 
Possible lowest CF : reset level -150 MeV [output -30mV/MeVJ 
Reset time <5 J.ls (normally -30 MeV) 

" Fast shaping amp. + Gated Integrator 
ORTEC973U (Ultra-High-Rate Amp.) 

Pile-up time =Integration time( 3p.s) x 2, 
Resolution 2.2 -> 2.6 keV 

(data tran&fer canooIled 
vA1en AOC overIIoY.Js 

Ge 

FelA 

(n,K) , (K, 

trigger 


fast clear ......1---------'" 

Pile-up ~eset + s-amp overload recovery 

Dead time =6 Jls x 50 kHz + ~O Jls x 10 kHz 
= . 300/0 + 20% = 50% 

Trigger rate -., 200/spill(1 sec) X 1-2 k words in total 
... no problem in DAQ 

http:overIIoY.Js


Hypemuclear m3.SS selected 

10 

Ey 
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[countslcb] [counlslchJ 

eGe monitoring system 

.~ What to be monitored --
.. Live time ratio (in-beam loff-beam) 
• Resolution in-beam 
• Peak shift 
• Radiation damage ( <- off-beam peak shape) 
• Crystal temperature «- reset rate) 

on paper plastic 

scintillator 


--- Method
• 60Co+plastic (3-y pulser 

installed behind each Ge detector 
• Take ADC, TOC, scalers for single rate and resefrate 

using independent DAQ.with "pulser x Gett trigger 

--> Successfully monitored performance of each Ge 

all through the beam time 
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E419 
.setup 

'98 May-June 
-600 hours 

SKS 

Ge perfonnances 
• resolution -3 keY FVVHM at 1.3W'teV 
• deadtime 3O-5()O/o 

Timing counter 

Beam 
Spectrometer 

\0 m 
1 
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Summary of Hypemuclear l'-Ray Spectroscopy 
.. 

November, 2001 

Hypernuclear Fine Structure B(E2) 

7ALi 3/2+·1/2+ 691.7+0.6+1.0 keY 3 6+0 5+0.5 -"~4 · - • -0.4 e-mt 

KEK,1998 -> spin-spin force ->19+4% shrinkage 
PRL IU (2000) 5963 PRL 86 (2fKJ1) 1.., 

9	ABe _3/2+-5/2+ 31 +i:~ keY 5.7+~·.6 e2fm4 
BNL,1998 .> A-LS force 

submitted to PRL 

"ti,\S
15 ,N 3/2+ -1/2+ -> tensor force 	 ",~1A 	 . ~. 


0~ '''' 

16AO O-~1- ->tensorforce.. 

10AB 2-·1- -> spin-spin,A.-LS force 
BNL,2001 
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3.56 - ~-~----=:n'+~1+ 3.88 2.47'';1. +O.94T 
(MeV). - (MeV) 2~-:;____ 3.05 .. 


M1 M1 ---. 512~ 3/2+ , 
 "Hypernuclear Fine Structure" 
, 7/2+ 1.31~ +2.14SA -2.32T 

E21 I E2 

AZ
A 

(K-,1t-) or (n;+,K+)
" " I I 512+ 2.050*l' 

O.6t'k~v o----2~----- tt 112+ 0 


SSe ~Be E930 

o ----1:-~-~..-J11312+0.692: I" M1 _to 

s . ''''-.. + split byLr~, 112 0 1.44:1 -O.27T 
AN spin-dependent 7L" E419AI interactionsA-1ZJ0+ 17 

<0.1 MeV 
,..", 

Only Ge can 
" 2 3.95 f~_...."--"";;;;'~ separate

--.c...... ...4.80 ~....:::;, 1- ....... .,,-, 
 ... (-2 keV FWHM) 
o 11 

2.31 0+ ! 

------...""!lZ-; 

0 Ml2.00~-:---

M1 
M1 

r , 

- ,. 

1~-"'- ... 

1+ *~ 112+ -O·73.d+2.23SA
t lo.66T AN spin-dependent interactions IM1 0_:::", ·iM1 "t14 -~ + 1, 6o~:,~-, --- almost unknown - No scattering data2- .. N 15 3121- ,11C ~--- AN 

12CA O.4BLJ +1.50811. -2.0BT L1 
/1 .....eft

VAN =Vo(r) +~Va(r) ~SN + VA(r) 'ANSA _ -O.3B11 +1.3B8A 1-7.8.:f1'. 

.....
--2!!.~:..** 1 '2 .. VN(r) (,wSN + VA(r) 51298 "t 1- '. ' 

1~8 0.621 + l.36SA -1.49T T 
p ...shell: 

4 radial integrals for PN sA w.f.Hypernuclear y Transitions to Study AN Interactions 

I Already observed To be observed I Hopefully observed Dalitz and Gal, Ann. Phys. 116 (1978) 167t (E419,E930) (Important transitions) t 
MilJener et aI., Phys. Rev. C31 (1985) 499 



KEK E419 

Results of rL i 'Y Spectroscopy 

o~ ••••• 

. 

M1 ....... M1 
.......... 

E2 

.,tM1 


}~~+ 3.88 MeV ---r.....=l 

3+.... ........ 
 7/2+ p~...~.i!il!llil!l! 
------~---- -'-- 5/2+ 2.050 31t 

:E2, D:iA· 
Imilii!li!!lllll'llllililFllIliIit!!ililll!!llillll!llil!!!ll 

: 1+ .. 3/2+ O.692~t _,:" .....3$ --"'-. 
1/2+ 06
Li 

I
7L· 
I--' A I
-J 
I:'.) 

I 
 ~ 

~,-
P..u 

Levelspating 
~ 0.692 MeV 

IlIII ......
n· • 
~ 

ANspin-spin
Shrink interactionIIflllil!lllWlll/II$i••lllllll<lllll*i:\l\1!<'l! 

A-O.50MeV 
8(E2): 10 .. 9:t: 0.9-+ 3.6:t: 0.5:/: ~~ [e2fm4J PRL 84 (2000) 5963 


19.± 4% Shrinkage by.A 8a19IJaiUed te PRL" (2(J(J/) "'2 
- "glue-like role ofA " At2.,.,-1:(/, 

Bando,Motoba,lkeda; Hiyama etal. 
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i\. 1 


~j 
SKS + Hyperbafl 

-i: i"150 
 - §,ID._ s:- 7Li (1t+,K+y)f:i+·1 I
>
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 7LIt) 

A 1 01,) 
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jh .... ' ........ i1 · ,. j
· . c . 

150 I i I 20 


> a Dopper shift COlT,..s 100 
 ()It) 

~50 
ll··..'~ oLL-, tHe dt «!.,J ,.6 •. d tt .A. ,I +' 

o 1.0 2.0 3.0 4.0 

Gamma-Ray Energy (MeV) 



Lifetime Measurement Interpretation of the measured B(E2) 
using Dapper Shift Attenuation Method 

25~,-~~~~~~~~~~~~~-~~T~~~ B(E2; if-tit) ex: I<jfl r2 Y2 ljj> 12 

cluster modelex:: R4 
20 E2 (5/2+->1/2+) or 

best fit ex:: deformation:u 
(13 <r2»2 ---:> l~ 15 . 't (512"; .!"; 5.8±g:~+O.7 p 

Size Factor " I'J) I 

~ , ~----~----------B(E2; 7ALi: 5/2+----'1/2+)§ 10 
o 
C) 7 8(E2; ali: 3+----.1 +) 

5 
_ Ra -d( 7ALi) ---;-- a 
- R ( 6L' ) [ ] 

a-d I ~ o 
1800 1900 2000 2100 2200 2300 in cluster model 

E.,,(keV)10 

B(E2; 7ALi) 8(E2; 6li ) Size Factor 8 i=? ps 
...,.J ;=6 ps

Stopped Dacay'a ;=5 ps
;:I Exp. 3.6+0.5 0.5 10.,9+0.9 0.81 0.04"""~'"'' 0.4>. 6 
s... significant shrinkage Simulation 1 
C<:l s... observed...,.J

:0 4 
s... 
(Ij Motoba, Banda, Ikeda ('83) "glue-like role of A" 

2 ; In-FI~hy ~. 1i a-d-A cluster model 2.5 6.6 0.84 

Hiyama et al. ('99) o t! ! I~, I I ,_, I I > ! 1:r-,......! I ! ! 1I , 

5AHe-p-n cluster model 2.42 9.62 0.752000 2100 E,.(keV) 
a-p-n-A cluster model 2.9 10.0 0.78 

Showed that shrinkage takes place between (l and p-n center, 
r(E2; 5/2+->1/2+) =BR I t(5/2+),= 1.22 x 109 E5 8(E2) 

and [1] is still valid when d -> P n. 
BR =93.6-:-3.8 % Our result: 19+4% shrinkage of the a - (pn) distance

~6 05
[weak decay (230±40 pS)-l, BR(5/2+->3/2+)=3.8±3:S%] 

=> B(E2)=3.6±O.5±g:~ e2fm4 

....... 

-::I 
W 

I 



Structure of unbound atates can ..
SABe studied 88 bound stat •• using y rays 

(but after modified by a A) 

r 
8(E2)B(E2) impossible 
calc. by Motoba, Bando,lkeda to measure 

PTP 70 (1983) 18922.4 A2fm4 
0+ \l \\ f a decay thres. 

3/2+,5/2+
1.6 MeV 

11 ..3 e2fm4 

I 
....... 

-;j 
.,:::.. 

I 

~ 2$ 
~ 

~ 

1
o E I I • ...... , I dI 

~. 
I3/2-

• T ,r 1/2+ 

+n +A
9Se .... 8Be · .-9ABe 

+n 

ee 
A 

shrink 

35 

30 

20 

15 

10 

.v 
2600 2800 3000 3200 'If Ar.,", 

.., roy energy spectru~ (keY) 

"I spectroscopy of 9ABe 
t~ 

(K",;() 3/...1=111 

MV'3.04 e ~ .... . ..-'l3t2+ . . ~'.'...... 
L=2 ...... I 1)1 51r 0."i''A a 

1=2 
E2 

o 0+ t t . + t ~~, 5/1 .H,~1/2
l=O . ...... 1/2'~ ,~ ", 

..8Be XBe LS force of A ,1~" .. 

35 

> 30 

~ 25 
I.t) 

- 20 
~ 15
:::J 

8 10 

15 

10 

5 

5 

::·:::~~::::]L~::'J~·::::::.::I~:::.::::·:::::~1;~~;~~~~.".:::::'
. .. . 

····~:~~::::~:::T:::::~;;; ..:·::L:·:··:: 

o 2600 keV 
yrayenergy 

_"'''.'''.M'_''';~ B(E2) =5.7 ~ e2fm4 
1: = 0.51 : g:i~ pS 

Submitted to PRL 



Near Future Plan (2002-) 

Double the Ge efficiency 
by combining with 6 clover Ge detectors (TRP) 

in Tohoku Cyclotron 

Upgraded Hyperball 

........ 

-.l 
C',)l 

I 

The observed splitting 

IE(3/2)-E(5/2)1 =31.4 ~~:I keY 


,. Millener [NPA 691 (2001) 93c 1 , 
E(3/2)-E(5/2) =-0.035 ~ - 2.465 SA + 0.936 T 

=> - 0.02 < SA < 0.03 MeV ~ 
if 0< T < 0.06 MeV (OBE p edistions) 

(8 = 0.62 scaled fro 7ALi) 
OBE predections: SA =0.4 --1.0 MeV 

,. Hiyama et al. [PRL 85 (2000) 270 ] 

aaA cluster model 
AN interactions from 

-OBE models (NSC971-f, NO, NF) : 
E(3/2)-E(5/2) = 80 - 200 keV 

11 Small LS force eqv. to quark model prediction : 
..... 40 keV 

Consistent with 13AC result [PRL 85(2001) 4255 J 
A A. 

(P1/2-P3/2 = 152:t:54t36 keV) 

Conclusions. 
11 A LS force: Much smaller than 


expected fro~ aBE models 


"I SN I» I SA I [IANSN term» IANsAterm] 
SN - -0.4 MeV from 7ALi, 12ACt etc: Millener 

=> ALS [ IAN (SA-SN)] cancels with SLS [ ZAN (SA +SN)] 



Far Future Plan (2006-) 
.J:HF: High intensity 50 GeV proton synchrotron (Tokai) 

[{- iutensity .-v 510x BNL-AGS! > lOOx KEK-PS. 

Hyperball for JHF 

• Highest efficiency Ge array (> 10% at 1 :MeV) 

• Faster electronics 
.... Read waveform data to decon:tpose pileup events 


(waveform digitizer under developlnent) 


• Faster suppression counters: BGO -+ GSa 
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Figure 26: Top: pC spectrum measured by the (1\+ ,K+) reaction (KEK £369) [15], The 
peaks #1) #2~ #3, #4 are interpreted as 11, 1;, 1;, and 2t states. Bottom: Level scheme 
and expected "I transitions of 12C hypernucleus. (a) shows experimentalleveienergies (E36H), 
and (h), (c), (d) are calculated energies by ltonaga d al. [18], Fetisov et al. [21}, and Millenet 
€t al. [19J, respectively. 
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Summary 

• 	 We opened a new field 

"Hypernuclear y spectroscopy" 


• 	Hyperball 
Fast electronics, BGp for -no background 

Monitoring system 

· "Hypernuclear fine structure" gave 
AN spin-dependent interactions., 

• Spin-spin force: established from 7ALi......... 

-;} 
00 

I • A-LS force: 	 very small from 9ABe. 
suggesting quark tTlechanism? 

• Tensor force: to be obtained from 15AN 11~Ao. 
• B(E2) measured for 7ALI, 9ABe 


Shrinking effect by A 


• Upgrade soon by x2 
• Need to develop a new, faster, larger Ge array 

forJHF 
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Ge-Telescope and Compton camera 

Y.GonoI), S.MotomuraI), Q.Y.Pan1,2,3), Y.F.Yang2), S.Enomoto3), Y.Yano3) and K.Asahi3) 

1. Department of Physics, Kyushu University, Hakozaki 6'10-1, Higashi-ku, Fukuoka 812-8581, 

Japan 

2. Institute of Modern Physics, Chinese Academy of Science, Lanzhou 730000, China 

3. RIKEN, Hirosawa 2-1, Wako-shi, Saitama 351-0198, Japan 

In order to correct a sever Doppler shift of a Tray energy, a Ge-telescope system 

was developed. This system was prepared for a high-spin isomer beam experiment [1] 

where a secondary fusion reaction was made in inverse kinematics. Resulted reaction 

products were recoiled out of a target with a velocity of O.lc. The telescope consisted 

of a segmented Ge and a clover detector placed in this sequence facing to a target. A 

planar Ge of 20 mm thick was segmented to 25 pixels of 10 x 10 mm2. Two such 

segmented Ge's could be used as a Compton camera. This idea was adopted to a 

multitracer project. A multitracer has been developed in RIKEN for many purposes 

such as chemistry and biology. A test experiment to identify three source positions 

simultaneously was successfully made by using these two segmented Ge's. 

To improve a position resolution, an optimization was carried out by a computer 

simulation [2], A new system was proposed and made by using two strip Ge's placed 

in one cryostat. 

Further improvement is expected in data analysis, namely a y-ray linear 

polarization information may be used to reduce back-ground for a y-ray imaging. 

Presently a system can be used only to identify source positions, however our goal 

would be an imaging in a medical use. 

References 

1. Y. Gono et al., Nucl. Phys. A588 (1995) 241c. 

2. Y.F. Yang et al., IEEE trans. Nucl. Sci. 48 (2001) 656. 
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N~83 isotones 
Systematics ofhigh-spin isomers 

(67rl.1lJ:.)[Ex.periment ] 1O.286+x 

420ns 

49t:!~.939 (27 +i . 1 (49t:!S"l186 (21 +d.649 49t:!~S88 (27 +J.620 (49'fb 
35ns ___..:'19_

>!flS 
O.96jJ.s lOns. StOIlS L3lOjJ.s 28n5 

7.410+y  a.o 

1Sins 

27n5 
27~2 

o.5$ 840$' 0.65 
(27fT )2.66t(L7ry2.625+y 27tr2.5&6 

4.Sns 
lLl1.@ 

57500$ 
lJn+1 128 .....+' 1'4n5 220s t250s 1805 + tOns 

, +O.7l J.l.s 131.! LlOS 235 J.l.J3i2+QJ~11!- 1,Q96lJr.t 1.073 (l r )l096+yl3ll 1.140 

9 0.841 9+ 0.666 . 74.Sn.s. 18 
4- ns !O 
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Reactions 
ed to study isomers in N=83 isotones 

(l~T)N~: 130 Te( 18 0, 5n) 1
43Nd (Kyushu U. KEK-T, 

eNS-U.Tokyo) 
X.H.Zhou et aI., Phys.Rev. C61, 014303 (2000) 

(1~iI)13: 14N ~136Xe, 6n) 144Pm (RIKEN)
l,_ . nSBa( lOB , 4n) 144Pm (Tsukuba) 

YJ-LZhang et aI., High Ene. Phys. and Nucl.Phys. 21, 110 (1997) 

(l:~S~: :60 (~36Xe, 7n)1 45Sm (RIKEN) 
-~-...-.- 13SBa ( 13C , 6n)Pl:>Sm (JAERI) 

139La ( lOB , 4n) 145Sm (Kyushu U.) 
A.Odahac;l et aL, Z.Phys. A350, 185 (1994) 

NucLPhys. A620, 363 (1997) 

(i'igE~1 :139La ( DC , 6n) 146Eu. (JAERI) 
'''------' E.ldeguchi et at, European PbysJ. A6. 387 (1999) 

~~G~: 20Ne (136Xt; 90) 147G~ (RIKEN) 

(i:~Tbl: 141pr (DC ,6u)148Tb (JAERI) 
~ EJdt!guchi et al. Z.Phys. A352. 363 (1995) 
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\... T.Fukuchi, Master Thesis of Kyushu U. (2000) 
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Experimental conditions for 2ndary fusioll 

Prinlary reaction: 16 0 (136Xe, 7nl45m Sm 

E136Xe =7.6 MeV/u, 70pnA 

Prhllary target: 16 0 (C02 Gas) 0.7 mg/cIl12 

Cross section: -.. 500 ntb 

Yield of 145mSm ..., 2 x 10 6 sec· l 

Transport efficiency: .....5 % 
( spatial acceptance(50 0/0), 

charge state distribution(20 %), 
Decay in flight(50%) 

--- --_.•-._............• _.. __ •__ •__ •__._--_._-_.

Secondary benlD on target: 1 x 105 sec· 1 

Experiment performed~3C + 14SmS m ~ IjSE;r .... XII 
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P2 11Off' 

P5 P4 P31 ~ ~O~ 
P1. ~ I~ 

TMP2 MBP2 MBP2 TMP2'MBP1 
TMP1 TMP1 

MBP1 : MB-1400VM 1020 m3/h 
MBP2 : MB-600FVM 600 m3/h 
TMP1 : TMP-1500 1450 lIs 
TMP2 : TMP-550 550 lis 
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Fig. 5. (a) Two dimensional-image of a point source in an imaging plane 
from a practical Compton camera. (b) Horizontal· .slice. The Compton 
camera consists of two planar type Ge detectors of 50mm x 50mm x 2(l1nrn 
that are segmented to 25 segments of lOmm x lOmm x 2Omm. The two 
detectors are placed in parallel and the distance between their centers is 
6cm. The source is situated in the center axis of the detector system with a 
distance of 6cm from the center of the first detector and the energy of the 
source is 1332keV. 
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Summary 

1. Ge-telescope consisted a segmented Ge and .a clover Ge 
was developed for Doppler correction of y-rays. 
For a HSIB experiment, a blow-in typegas-target was 
developed as well. 

2. Compton canlera is under development for a Dluititracer 
use. A camera consisted of two segmented Gels W3$ 
successfully testedto identify the positionofthreey-ray 
sources simultaneously. 

3. A gamma-ray imaging ofadistributed source is· now 
under development. 

10 


I~ 
1750
: t 

... 1500 


2 


M 

1250 


0 
1000 


-2 
750 


-4 


500 

-6 


250 

-8 

0-10 6 8 10
-10 -6 -6 -4 -2 0 2 4 


COSO 




From EUROBALL to AGATA: Physics highlights and 
new frontiers for 41t gamma-ray spectroscopy 

F.A. Beck - IReS Strasbourg 

Abstract : 

During the 20 last years continous developments in 41t gamma spectrometers have allowed to reach completly new 
fields in nuclear structure studies. The photopic efficiency was regularly improved fIrst by the increase of the 
volume of the Ge detectors and when it was no more possible to gain in crystal diameter by the developments of 
composite detectors like clovers and clusters. A major improvement in resolving power was obtained by the use of 
anti-Compton shields, composed fIrst by Nal scintillators and than by BGO scintillators, the latter allowing a much 
more compact Compton suppressor geometry. 

Presently it is quite impossible to hope to achieve a large gain in photopeak efficiency and resolving power 
compared to the existing 41t arrays, EUROBALL in Europe and GAMMASPHERE in USA, by using these now 
conventionnal detectors arrangement. A major gain is forseen if the 30-40 % of the 41t solid angle devoted to the 
anti-Compton shields could also been covered by Ge detectors. However this "ball" should have a very high number 
of detectors (N > 1000) to reach good performances at high multiplicity (multiple hits) and at large recoil velocity 
(Doppler broadening). The recent developments of segmented Ge detectors has allowed to think to reduce the total 
number of detectors by using Ge detectors segmented both radialy and longitudinaly. The idea is to follow the track 
of the y-ray in the Ge crystals by measuring with a high accuracy the interaction points in the Ge detector. This 
determination requires a complex on-line pulse shape analysis of the signals of the hitted segments and of the mirror 
charges generated in the neighbouring segments. Based on the Compton scattering equation different codes have 
been developped in an european collaboration supported by an EU TMR program to check the feasibility of such a 
gamma tracking method and to evaluate the possible performances. Generaly these codes were supposing the use of 
Ge coaxial detectors. 

At Strasbourg we have developped an other tracking method based on the Compton cross section probability. This 
code do not need an accurate determination of the interaction points since only the probability to scatter to one or an 
other segment versus energy is used. Howewer these calculations were based on a detector geometry which enables 
a crystal segmentation in nearly identical cubic pixels. The geometry of planar detectors is particularly well sited for 
such geometries and consequently calculations have been performed for a 41t geometry composed with 72 planar 
stacks including each 4 planar detectors of large size 7.5 x 10 x 2 cm. The results show photopeak efficiency values 
quite identical to those obtained with the usual tracking method based on coaxial detectors. Concerning the 
reduction of the Doppler broadening of gamma lines an energy resolution of 8 keV is obtained for vic = 10 % at an 
energy of 1.33 MeV. This value can be reduced to less than 3 keV by the use of a method developped at CNS-Japan 
which proposes to determine the interaction depth in the planar detector by measuring the time difference between 
anode and cathode with an adequate hardware circuit. This would not affect the general idea of this gamma tracking 
method based on Compton scattering probability which has the major merit to be independent on the accuracy of the 
determination of the interaction radius in contrary of the method based on the use of coaxial detectors. 

A fIrst prototype of a planar segmented stack detector is currently under test at IReS Strasbourg. It comprises two 
planar detectors 5.3 x 5.3 cm and 2 cm thick which are segmented in 4x4 = 16 segments and in 3x3 = 9 segments 
respectively. This leads to 25 cathode outputs and one common anode output. First results show very good energy 
resolution for the cathode outputs with very clean pulse shape information. Further developments on planar 
detectors are forseen with EURISYS Mesures company to improve some important features like the passivation 
technique , the replacement of the Li contact and the reduction of the guard ring size. The achievement of this goal 
is also of general interest for the performances of gamma detection with planar detectors like in medical imagery. 

The improvement of the the detector sensitivity of 41t gamma spectrometers over the last 20 years has led to a 
lowering of the fraction of the reaction channel which is possible to measure in regular gamma cascades from 
around 10-1 to 10-4. This enabled to discover numerous properties of the nuclei at high angular momentum up to the 
discovery of the superdeformed bands bands and their many intriguing properties. With AGAT A the limit of 
detection is expected to go from 10-4 to a few 10-7 which gain is a not far away from that one obtained during the 
prevoius 20 years period. It would allow completely new physics as well in high spin physics (hyperdeformation, 
triaxial octupole deformations, super-heavy nuclei approach, study of N =Z nuclei, ... ) as well as in medium and low 
spin physics with radioactive beams (very neutron rich nuclei, coulomb excitation, secondary fragmentation 
reactions, etc.) where the high reduction in Doppler broadening associated to the total photopeak efficiency will be 
essential. 
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Characteristics requested for a new generation 4 7r'( array 

.> 	 Photopic efficiency: probability to detect the total energy of a y-ray 

o 	large increase necessary to : 

@ counterbaJance the weak intensity of the radioactive beams 

@ achieve much lower detection limits for the measurements ofmore exlusive phenomena 

)-	 Good Pic/total ratio : necesscuy for the resolving power especialy at high fold 

)- lHgh angular resolving power: Large Doppler broadening reduction for 

high recoil velocities ranging up to 50 0/0 


.> lHgh cotmting rate capability: in radioactive beam measurements the background can 
be ve:ry important as compare d to the researched effects 

). 	 Large inner diameter of the aITays : ve:ry important to allow the possibilty to insert other 
type of detectors like charged particule detectors, heavy ions detectors, .... 

Int. Workshop on developments ofGe dete ctor 811'ay and frontiers of gamma-ray spectros copy 11-13 dec. 2001 F.A. Beck 

From the present multidetectors to the gamma tracking arrays 

EUROB.l.~LL 

4'Jt space coverage: 


40%Ge 


40 ~..o BGO anti Compton 


20 % containers 


BCO pmpose : Compton mjection (PII) and 

slUeldJDi between Ge detectors ~cattering) 


239 Ge in 71 c:ryostats; n.II 1000 BGO 

How to increase photopic et1iciency without deteriorating the Pic/total ratio ? 

- by coverin8 80 010 ofthe space with Ge detectors (iD:mase of at and intrinsic ofeff':u::iencyby «add-back ») 

- by «folJowinK »the gamma-raypath in the Slegn:Ents ofEWral Ge : increase ofthe add-back e:tr:u::iency 
and fnc:mase of the Pff to a value better than t.b.em obtained with anti-Compton shields 

~ 	tracking ganuna 

Int. Workshop on developments ofGe detector 811'ay and frontiers of gamma-ray spectroscopy 11-13 dec. 200 1 F.A.Beck 
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Gamma « tracking » basic elements (1) 


)- EITROBALL I GAMMASPHERE 
Ge crystals surrounded with BGO anti-Comptonsbields 

(PIT increased to AI 0,5) 

)- l\tIultidetectors of the future: 

o 	increase of the photopic efficiency by: 

- increase of the angular coverage by a factor 2 

- add-back of the energies deposit in several detectors 

by the same gamma-ray 

o PIT ratio equal or better than the present..... 0.5 value 

~	 'Will need a high segmentation of the Ge crystals to be _.... ........ 
able to measure with accuracy the main characteristics 

of the interaction points (enere relaxed and scatering angle) 

Int. Workshop on dwe10pments ofOe detector may and frontiers of gamma-ray spectroscopy 11-13 dec. 2001 F.A.Beck 

Gamma « tracking » basic elements (2) 

.> Compton scattering equation • 
EliE.. 	 =---=:--~---

li+1 E 
1 + 	 li (1 - cos(D)) 

moc2 

gamma path reconstruction with the help of the scattering equation 

>- Clusterisation 

Int. Workshop on dwe10pments ofOe detector may and frontiers of gamma-ray spectroscopy 11-13 dec. 2001 F.A.Beck 
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Gamnta « tracking » basic elements (3) 
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Coaxial segmented detector and difference in collecting time 

o 

6 dc-coupled 
segments 

Amplitude of the induced CUJTents 
as a function of the interaction radius value 

o. 
0.. 
o. 
o. 
o. 

100 200 300 400 SOD 600 
tlmI(-l 

~ possible to tneasure an accurate « mean value» of the interaction radius 

~ very diIlicult to have a high accuracy in an on line event by event calculation espedaly 
in the case of3 to 4 interactions like it is the probability for a gamma energy of 1.3 Mev 
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Proposition for an other tracking method 

)- Based on the Klein-Nishina scattering coss section as a flUlction of energy : 

o = f (EYi+l' EYi' 8) 

o clusterisation method similar to the tracking method based on the scattering equation 

o Compton scattering probability as a function of the gamm a energy, the scattering angle 
and the mean mean path of the y-ray 

o present simulation calculations were done with the hypothesis of identical elementary 
volumes with a nearly cubic symetry (fa.eDita:_ eakulaiions): 

--j, planar d~tl3ctors ar~ quite idealfor such geometries 

o in these basic version the method based on the «reconstruction of the gamma energy:» do 
not request any pulse shape analysis to obtain photopic and PIT values similar to those 
calculated with the usual tracking method 

Moreover: a pulse shape analysis would evenenhance this perfo:nnanr:es ( due to th! electric 
rEId geometry tbe analysis would be easier with planar detectors tll8l1 with coaxial detectors) 

Howewer: planar detector technology needs R&D for reduction of dead layers (Li contact, passivation, 
linearisation of the electric field) 
(currently tm.der development between lReS-Strasbomg and EURISYS MeS1lJ."eS company) 
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Segmented planar detector and difference in collecting time 

Segmented planar detector DilTerence in collection time 

Signaux 

segments 

AC 
~ignal 

HI qp somme 

190 lIS 

to /.f) .. 

10 

~ much easier to do an on-line collection time-interaction point correlation with 

planar detectors than with coaxial detectors 
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Test of a stack of two planar detectors 


stack prototype of 2 planar detectors 5.4 x 5.4 cm, 2 cm thick at IReS strasbourg 

- left one segmented in 3 x 3 (9 elements) 

- right one segmented in 4 x 4 (16 elements) 

Secment PWHl'tI 
(122_Vl 

PWHM 
(l312_V) 

BIO 0.86 1.71 
CIO 0.82 1.71 
D10 0.82 1.l& 
B20 0.84 1.74 
C20 0.83 1.71 
D20 0.89 l.75 
B30 0.86 1.86 
C30 0.82 1.65 
030 0.82 1.1{) 

S!pu!nt PWHM 
(l22JreV) 

PWHM 
(DJ2JreV) 

Al 0.82 1.84 
BI 0.78 1.92 
Cl o.m 1.93 
01 1.01 1.88 
A2 0.71 1.87 
B2 0.83 1.80 
C2 0.73 1.84 
D2 l.IlS 1.86 
A3 0.84 1.93 
B3 0.82 1.85 
C3 0.86 1.81 
03 0.83 1.89 
A4 0.88 1.73 
B4 0.78 1.82 
C4 0.76 204 
04 0.94 1.90 

- vuy clean cathodes and anode signals 

- good signal to noise ratio for mirror charge signals 
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Geometry for a 47t spectrometer with planar stacks 


sortie faisceau." entree faisceau 
.. ~ •• ~ ••••••• ~ ••• :.~ ..............t ____
.... 

I • : 

Basic planar stack: four planar 
detectors segmented 4 x 4 with a 
common anode by pair of crystals 

64 + 2 = 66 electronic channels 

4 7t alTay : Chateau of 72 planar stacks 

288 single planars 4 x 4 = 4608 segments 

4608 + 144 =4752 electronic channels 

Int. Workshop an developments ofOe detector may and ftontie.ts of gamma-ray spectroscopy 11-13 dec. 2001 F.A.Beck 
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Comparison for Ey = 1332 keY of the photopic efficiency and the PIT 

ratio values between AGATA geometries and existing spectrometers 


:M:,= 1 :M:,= 30 

17m PIT 17m PIT 

EUROBALL 0.094 0.50 0.065 0.37 

EXOGAl.\.1 0.20 0.47 

AGATA coma! 0.40 0.55 0.21 0.45 

planar· 0.42 0.54 0.22 0.40 

Ideal. sphere 0.65 0.85 0.36 0.60 

• without pulse dl3.pe analysis 

Int. Workshop on dwe10pments ofGe detector array and frontiets of gamma-ray spectroscopy 11-13 dec. 2001 F.A.Beck 

Doppler broadening 

» Doppler broadening: 

)- Coaxial detectors : 

o position of the first interaction obtained by tracking and pulse shape analysis 

>- Planar detectors: two possibmdes 

I. First interaction deduced just by the ~gamma energy reconstruction» tracking metho d 

2. Addition of an on line hardware pulse shape analysis: estimated space resolution . ~ 0.2 em 

(possible because of the ]iueal'ity of the electric field in case of plauars : see pre"ious 
tl'allSparents) 

Int. Workshop on dwelopments ofGe detector array and frontiets of gamma- ray spectroscopy 11-13 dec. 2001 F.A.Beck 
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Doppler broadening reduction ( at E.,. =1332 ke V) 

as a function of recoil velocity 


liE (keV) liE (keV) 

Recoil velocity without pulse shape analysis with pulse shap e analysis 

vIc EUROBALL EXOGAM: AGATA EUROBALL EXOGAM: AGATA* 

20/0 3.1 3.3 2.7 keV - 2.6 2.2 keV 

100/0 15.3 17.2 7.5 keV - 8.8 2.7 keV 

500/0 69 85 35keV - 43 7.5 keV 

• Similar values are obtained with either coaxi al or planar detectors, but for pI anar detectors it is possible 
to do a hardware on line meaurement of the pul se shape of the signals 
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Limit of observation at high angular momentum 

Is function of (see the figure) : 

>- the photopic eflicienC1Epoo 

>- the resolving power 

PR = PIT x BE I AE 

forM=30 : 

EUROBALL ~ AGATA 

fold 4 ~ 6 

(e,oo)f 1.8 10-5 8.6 10-5 

(PR)f 5.71()4 6.110' 

t_...
--

a": 
8 (told t4) 

-8 ~ -
•• 
• (fold 6) I 

• .. I
-jt_ u. 1_ 1M .. ,. 1. 

limite d~obs. 10-4 ~ a few 10-7 
Energie y (keV) 

Intendty and peak to backgromd ratio for the gamma. 
spectrmn ofthe 151lb yrast yrast superdefonmd band 
as a function ofthe coincidence fold 
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•• 

•• 

Limit of Observation at high angular momentum 

1970 1980 1990 2000 2010 

I .J. I .J 
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Pulse shape analysis with the MARS gamma-ray tracking detector 

Th. KrollA, D. BazzaccoB, R. VenturelliB, B. Quintana ArnesB,c, C. A. UrB, M. BellatoB, 
R. IsocrateB, Ch. ManeaB, P. PavanB, C. Rossi AlvarezB, E. FarneaA , A. GadeaA , D. RossoA, 

P. SpolaoreA, F. CameraD
, B. MillionD , A. PulliaD , O. WielandD , G. CasatiE , A. GeraciE , 

G. RipamontiE , M. DescovichF 

A INFN Laboratori Nazionali di Legnaro, Italy; B INFN and Universita di Padova, Italy; 

c Universidad de Salamanca, Spain; D INFN and Universita di Milano, Italy; 


E INFN and Politecnico di Milano, Italy; F University of Liverpool, United Kingdom 


Email: thorsten .kroe}}@}nl.infn.it 

MARS Mini ARray of Segmented detectors - is the Italian effort to explore the feasibility 
of building a 47r array for I-ray spectroscopy of the next generation based on I-ray tracking [1]. 

The concept of I-ray tracking is to identify the individual I-rays by reconstructing their scat
tering paths through the array. Therefore, the determination of the three-dimensional position 
and the energy deposit for every interaction point is a crucial step. This aim will be achieved 
by utilising highly segmented detectors. Since a spacial resolution in the order of the segment 
size is insufficient for I-ray tracking, an improved characterisation of the interaction points of 
the I-rays will be obtained by analysing the shapes of the signals from the segments [2]. 

The prototype for MARS is a cylindrical closed-end crystal of n-type HPGe and has a 25-fold 
segmentation of the outer contact: 6 angular "sectors", 4 "slices" in depth, and an additional 
segment on the front face. The detector is completely operational since November 2000 [3]. 

Most of the development of algorithms for pulse shape analysis has to be based on simula
tions. For the calculation of signals from highly segmented detectors with different geometries, 
computer programs applying the FEM have been developed [4]. The accuracy of the simulations 
has been proven by comparison with experimental signals obtained with collimated sources. 

Usually, there is more than one interaction point in the detector or even in one segment and 
the measurable signals are the sum of the signals originating from the individual interactions. 
Goal of the pulse shape analysis is the decomposition of these multiple interactions and the 
characterisation of each of them. For this task we are using methods of artificial intelligence, 
artificial neural networks (ANN) and genetic algorithms (GA). Our approaches have been tested 
with both simulated and measured signals. 

In order to verify the entire concept experimentally, i.e. digital signal processing, pulse shape 
analysis, and reconstruction of the scattering path, we performed an in-beam experiment. 

The status of the project and preliminary results will be presented and discussed. 
This project is part of the TMR Research Network "Development of Gamma-Ray Tracking 

Detectors for 47r Gamma-Ray Arrays" which involves Denmark, France, Germany, Italy, Sweden, 
and UK. The network is supported by the EC under contract ERBFMRX-CT97-0123. 
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Ge array / spectroscopy 

T. Motobayashi (Rikkyo u.) 

high-spin states, isomers, 
low-lying states in EXOTIC nuclei 

. requirements 

efficiency, resolution, ..... 

<= high spin studies 


multiplicity 

<= RI-beam-based studies 


- 1 

.
moving sources 


<= hyper nuclear spectroscopy 
counting rate 
large b.g. pulses 

GRETA-Lee, AGATA-Gerl 
EXOGAM-de France, 
CNS-array-Sh imoura, Kurokawa 
Hyperball-Tamura 
telescope / camera-Gono 
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# wide rage of application 
general (versatile) desig 

JJ, it 
specialized versions 

- fast and cheap? 

tracking 
3-D tracking-Lee, Gerl 
Compton camera-Gono 

- 3

position determination 
pulse shape analysis-Kurokawa, ... 

experimental methods 
1) @ 5 MeVInucleon 

ORNL, JAERI, (SPIRAL), ... 
coulex, transfer -Baktash, 
deep-inelastic-Ishi i, 
fusion-Ideguchi, Gono, ..... 

2) @ 50 MeVInucleon or higher 
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RIKEN, GANIL, MSU, .. 
GSI, RIBF, RIA, ..... 
fragmentation, coulex, 
charge exchange, .... 
-Ger I, Sh imoura, de France, ..... 

# importance of channel selection 
plastic hodoscope 
recoil mass separator 
spectrograph VAMOS 
AE-E telescope 

-5

SKS (n, K, ..) 
# electronics developments 

digital pulse processing 
analogue technique 
low-nose preamplifier 
data acquisition 
fast amps. (reset, shaping) 

# targets 
liquid-shimoura. de France 
gaS-Gono 
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workshop of a good size! 
good to continue ! 
good to start collaboration ! 

Publicity of Rikkyo 
Research Center 

- scientific measurements 
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